a2 United States Patent

O’Connor

US008980851B2

(10) Patent No.: US 8,980,851 B2
(45) Date of Patent: *Mar. 17, 2015

(54) METHODS FOR BONE TREATMENT BY
MODULATING AN ARACHIDONIC ACID
METABOLIC OR SIGNALING PATHWAY

(75) Inventor: James Patrick O’Connor, Newark, NJ
(US)

(73) Assignee: Accelalox, Inc., Menlo Park, CA (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 12/940,995
(22) Filed: Now. 5, 2010

(65) Prior Publication Data
US 2011/0124717 Al May 26, 2011

Related U.S. Application Data

(63) Continuation of application No. 11/995,529, filed as
application No. PCT/US2006/032367 on Aug. 18,
2006, now Pat. No. 7,829,535.

(60) Provisional application No. 60/709,838, filed on Aug.

18, 2005.
(51) Imt.ClL
AGIK 48/00 (2006.01)
AG6IK 31/12 (2006.01)
AG6IK 31/05 (2006.01)
AG6IK 31/405 (2006.01)
(52) US.CL
CPC ..o AG6IK 31/405 (2013.01); A61K 48/00
(2013.01); 461K 31/12 (2013.01); A61K 31/05
(2013.01)
USPC .o 514/44 R; 514/688; 514/734
(58) Field of Classification Search
CPC ... A61K 48/00; A61K 31/12; A61K 31/05
USPC oot 514/44 R, 688, 734

See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS
5,739,166 A * 4/1998 Reitzetal. ..o 514/602

6,150,390 A 11/2000 Suh et al.
6,242,012 Bl 6/2001 Newmark et al.

6,342,510 B1* 1/2002 Isaksonetal. ... 514/326
6,455,541 Bl 9/2002 Bonewald et al.

7,108,868 B2* 9/2006 Jiaetal. .....ccocorvvrnrnnnn. 424/725
7,291,638 B2 11/2007 Leeet al.

7,829,535 B2* 11/2010 O’Connor .........c.......... 514/16.7

2003/0175680 Al 9/2003 Allard et al.
2004/0138262 Al 7/2004 Chantigny et al.
2005/0032747 Al 2/2005 Bartolini et al.
2005/0058734 Al 3/2005 Burch et al.
2008/0033033 Al 2/2008 Kambe et al.
2011/0105959 Al 5/2011 O’Connor

FOREIGN PATENT DOCUMENTS

CN 1549711 A 11/2004
JP 6-501377 2/1994
WO WO 91/16901 Al 11/1991
WO WO 95/30419 Al 11/1995
WO WO 99/32619 Al 7/1999
WO WO 01/29058 Al 4/2001
WO WO 01/41753 A2 6/2001
WO WO 03/020267 Al 3/2003
WO WO 03/066048 A2 8/2003

WO WO 2004/065365 Al 8/2004
WO WO 2005/123130 A2 12/2005
WO WO 2007/022427 A2 2/2007
WO WO 2009/105723 A2 8/2009

OTHER PUBLICATIONS

Aspenberg et al., “Teriparatide for Acceleration of Fracture Repair in
Humans: A Prospective, Randomized, Double-Blind Study of 102
Postmenopausal Women with Distal Radial Fractures,” Journal of
Bone and Mineral Research, 2010, pp. 404-414, vol. 25, No. 2.
Australian Office Action, Australian Application No. 2006279325,
Sep. 8, 2011, 2 pages.
Batt, D.G., “5-Lipoxygenase Inhibitors and Their Anti-Inflammatory
Activities,” Progress in Medicinal Chemistry, 1992, pp. 1-63, vol. 29.
Black, D M. et al., “Fracture Risk Reduction with Alendronate in
Women with Osteoporosis: The Fracture Intervention Trial,” The
Journal of Clinical Endocrinology & Metabolism, 2000, pp. 4118-
4124, vol. 85, No. 11.
Bonewald, L.F. et al, “Mice Lacking S-Lipoxygenase Have
Increased Cortical Bone Thickness,” Adv. Exp. Med. Biol., 1997, pp.
299-302, vol. 433.
Canadian Office Action, Canadian Application No. 2,619,608, Apr.
11, 2013, 4 pages.
European Examination Report, FEuropean Application No.
06801878.7, Oct. 20, 2011, 6 pages.
Novel Inhibitors of Leukotrienes, Folco, G. et al. (eds.), 1999, pp.
205-214, 235-249.
Ford-Hutchinson, A.W. et al.,, “5-Lipoxygenase,” Annu. Rev.
Biochem., 1994, pp. 383-417, vol. 63.
Gerstenfeld et al., “Fracture Healing as a Post-Natal Development
Process; Molecular, Spatial, and Temporal Aspects of Its Regula-
tion,” Journal of Cellular Biochemistry, 2003, pp. 873-884, vol. 88.
Israel Office Action, Israel Application No. 189553, Aug. 10,2011,3
pages.

(Continued)

Primary Examiner — Raymond Henley, 111
(74) Attorney, Agent, or Firm — Fenwick & West LLP

(57) ABSTRACT

Methods for promoting osteogenesis to accelerate or enhance
bone fracture healing, treat bone defects, and enhance bone
formation are disclosed. The methods modulate an arachi-
donic acid metabolic or signaling pathway in general, and, in
particular, utilize 5-lipoxygenase inhibitors. These molecules
can be delivered alone or in combination with one or more
agents that inhibit bone resorption, regulate calcium resorp-
tion from bone, enhance bone accumulation, enhance bone
formation, induce bone formation, impair growth of micro-
organisms, reduce inflammation, and/or reduce pain.

24 Claims, 8 Drawing Sheets



US 8,980,851 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS
Japanese Office Action, Japanese Application No. 2008-527172, Oct.
12,2012, 8 pages.
Japanese Office Action, Japanese Application No. 2008-527172,
Mar. 27, 2012, 13 pages.
Lenchan et al., “Effect of EHDP on Fracture Healing in Dogs,”
Journal of Orthopaedic Research, 1985, pp. 499-507, vol. 3.
Lohmann, C.H. et al., “Pulsed Electromagnetic Fields Affect Pheno-
type and Connexin 43 Protein Expression in MLO-Y4 Osteocyte-
Like Cells and ROS 17/2.8 Osteoblast-Like Cells,” Journal of
Orthopaedic Research, 2003, pp. 326-334, vol. 21, No. 2.
Long, J. et al., “The Effect of Cyclooxygenase-2 Inhibitors on Spinal
Fusion,” The Journal of Bone & Joint Surgery, Oct. 2002, pp. 1763-
1768, vol. 84-A, No. 10.
New Zealand Examination Report, New Zealand Application No.
566283, Nov. 23, 2011, 4 pages.
New Zealand Examination Report, New Zealand Application No.
566283, Jul. 12, 2011, 3 pages.
New Zealand Examination Report, New Zealand Application No.
566283, Feb. 24, 2010, 2 pages.
PCT International Search Report and Written Opinion, PCT Appli-
cation No. PCT/US09/34790, Jul. 23, 2009, 13 pages.
PCT International Preliminary Report on Patentability, PCT Appli-
cation No. PCT/US2009/034790, Aug. 24, 2010, 10 pages.
Pelletier, J-P. et al., “The Inhibition of Subchondral Bone Resorption
in the Early Phase of Experimental Dog Osteoarthritis by Licofelone
is Associated with a Reduction in the Synthesis of MMP-13 and
Cathepsin K,” Bone, 2004, pp. 527-538, vol. 34.
Pennning, et al., “Structure-activity Relationship Studies on 1-[2-
(Phenylphenoxy)ethylpyrrodlidone (SC-22716), a Potent Inhibitor
of Leukotriene A4 (LTA4) Hydrolase,” J. Med. Chem., 2000, pp.
721-735, vol. 46.
Peter et al., “Effect of Alendronate on Fracture Healing and Bone
Remodeling in Dogs,” Journal of Orthopaedic Research,1996, pp.
74-79, vol. 14.
Sena, K. et al., “Early Gene Response to Low-Intensity Pulsed
Ultrasound in Rat Osteoblastic Cells,” Ultrasound Med. Biol., May
2005, pp. 703-708, vol. 31, No. 5.
Tang, C-H. et al., “Ultrasound Stimulates Cycloxygenase-2 Expres-
sion and Increase Bone Formation Through Integrin, Focal Adhesion
Kinase, Phosphatidylinositol 3-Kinase, and Akt Pathway in
Osteoblasts,” Molecular Pharmacology, 2006, pp. 2047-2057, vol.
69.
United States Restriction Requirement, U.S. Appl. No. 12/860,818,
Aug. 31, 2011, 8 pages.
United States Non-Final Office Action, U.S. Appl. No. 12/860,818,
Nov. 23,2011, 9 pages.
United States Non-Final Office Action, U.S. Appl. No. 12/860,818,
Mar. 12, 2012, 14 pages.
United States Final Office Action, U.S. Appl. No. 12/860,818, Nov.
20, 2012, 18 pages.
Zhang, X. et al., “Cyclooxygenase-2 Regulates Mesenchymal Cell
Differentiation into the Osteoblast Lineage and is Critically Involved
in Bone Repair,” J. Clin. Invest., Jun. 2002, pp. 1405-1415, vol. 109,
No. 11.
Liang H. et al., “Bone Anabolic Effects of Basic Fibroblast Growth
Factor in Ovariectomized Rats,” Endocrinology, Dec. 1999, pp.
5780-5788, vol. 140, No. 12.
Looker, A.C. et al., “Clinical Use of Biochemical Markers of Bone
Remodeling: Current Status and Future Directions,” Osteoporos Int.,
2000, pp. 467-480, vol. 11, No. 6.
Ren, W. et al., “Effects of Leukotrienes on Osteoblast Cell Prolifera-
tion,” Calcified Tissue International, 1991, pp. 197-201, vol. 49.
Rubin, C., et al, “The Use of Low-Intensity Ultrasound to Accelerate
the Healing of Fractures,” The Journal of Bone and Joint Surgery,
Feb. 2001, 259-270, vol. 83-A, No. 2.
Simon, A M. et al., “Cyclo-oxygenase 2 Function is Essential for
Bone Fracture Healing,” Journal of Bone and Mineral Research,
2002, pp. 963-976, vol. 17, No. 6.

Bonewald, L. et al., “Mice Lacking 5-Lipoxygenase Have Increased
Cortical Bone Thickness,” Advances in Experimental Medicine and
Biology, 1997, pp. 299-302, vol. 433.

Brooks, C.D.W. et al., “Modulators of Leukotriene Biosynthesis and
Receptor Activation,” Journal of Medicinal Chemistry, Jul. 5, 1996,
pp. 2629-2654, vol. 39, No. 14.

Burd, T.A. et al., “Heterotopic Ossification Prophylaxis with
Indomethacin Increases the Risk of Long-Bone Nonunion,” Journal
of Bone and Joint Surgery (British), 2003, pp. 700-705, vol. 85B.
Canadian Office Action, Canadian Application No. 2,619,608, Jan.
24, 2014, 4 pages.

Collins, J.L. etal., “Stimulation of Bone Development by Mechanical
Stress and Inhibition of Leukotriene Biosynthesis,” Cariology/
Craniofacial Biology, 1771, 1 page.

Cottrell, J.A. et al., “Local Inhibition of 5-Lipoxygenase Enhances
Bone Formation in a Rat Model,” Bone & Joint Research, Feb. 2013,
pp. 41-50, vol. 2, No. 2.

Cottrell, J.A. et al., “Pharmacological Inhibition of 5-Lipoxygenase
Accelerates and Enhances Fracture-Healing,” J. Bone Joint Surg.
Am., 2009, pp. 2653-2665, vol. 91.

Cottrell, J.A. et al., “Effect of Non-Steroidal Anti-Inflammatory
Drugs on Bone Healing,” Pharmaceuticals, 2010, pp. 1668-1693, vol.
3.

Erdmann, L. et al., “Degradable Poly(Anhydride Ester) Implants:
Effects of Localized Salicylic Acid Release on Bone,” Biomaterials,
2000, pp. 2507-2512, vol. 21.

European Summons to Attend Oral Proceedings, European Applica-
tion No. 06801878.7, Oct. 7, 2013, S pages.

Fire, A. et al., “Potent and Specific Genetic Interference by Double-
Stranded RNA in Caenorhabditis elegans,” Nature, 1998, pp. 806-
811, vol. 391.

Gallwitz, W. et al., “5-Lipoxygenase Metabolites of Arachidonic
Acid Stimulate Isolated Osteoclasts to Resorb Calcified Matrices,”
The Journal of Biological Chemistry, May 15, 1993, pp. 10087-
10094, vol. 268, No. 14.

Harten, R.D. et al., “Salicylic Acid-Derived Poly(Anhydride-Esters)
Inhibit Bone Resorption and Formation in vivo,” published online
Jan. 27, 2005 in Wiley InterScience, pp. 354-362.

Higgs, G.A. “Pharmacokinetics of Aspirin and Salicylate in Relation
to Inhibition of Arachidonate Cyclooxygenase and Antiinflammatory
Activity,” Proc. Natl. Acad. Sci. USA, Mar. 1987, pp. 1417-1420, vol.
84.

Japanese Office Action, Japanese Application No. 2008-527172, Jul.
1, 2013, 5 pages.

Lapenna, D. et al., “Inhibitory Activity of Salicyclic Acid on
Lipoxygenase-Dependent Lipid Peroxidation,” Biochimica et
Biophysica Acta, Jan. 2009, pp. 25-30, vol. 1790, No. 1.
Manigrasso, M.B. et al., “Accelerated Fracture Healing in Mice
Lacking the 5-Lipoxygenase Gene,” Acta Orthopaedica, 2010, pp.
748-755, vol. 81, No. 6.

Moore, PF. et al., “Tenidap, a Structurally Novel Drug for the Treat-
ment of Arthritis: Antiinflammatory and Analgesic Properties,” Data-
base Medline [Online], US National Library of Medicine (NLM),
Feb. 1996, 1 page.

O’Connor, J.P. et al., “Accelerating Fracture Healing by Manipulat-
ing Arachidonic Acid Metabolism,” Orthopaedics, Journal of Bone
and Mineral Research, Sep. 2005, p. S353, vol. 20, No. 9, Suppl. 1.
Sharp, P.A., “RNA Interference,” Science, Mar. 31, 2001, pp. 243-
244, vol. 287.

Traianedes, K. et al., “5-Lipoxygenase Metabolites Inhibit Bone
Formation in Vitro,” Endocrinology, Jul. 1998, pp. 3178-3184, vol.
139, No. 7.

Tuschl, T., “RNA Interference and Small Interfering RNAs,” Chem.
Biochem., 2001, pp. 239-245, vol. 2.

Wixted, J.J. et al., “Enhanced Fracture Repair by Leukotriene
Antagonism is Characterized by Increased Chondrocyte Prolifera-
tion and Early Bone Formation: A Novel Role of the Cysteinyl LT-1
Receptor,” Journal of Cellular Physiology, 2009, pp. 31-39, vol. 221.
Wixted, J.J. et al., “Arachidonic Acid, Ficosanoids, and Fracture
Repair,” J. Orthop. Trauma, Sep. 2010, pp. 539-542, vol. 24, No. 9.
“Surgical Technique,” VG2™ Cervical Allograft Featuring VG2™
Cervical Instruments, DePuy Spine™, Sep. 2003, 12 pages.

* cited by examiner



U.S. Patent Mar. 17, 2015 Sheet 1 of 8 US 8,980,851 B2

Arachadonic Acid Metabolism or Signaling

§§§§\Q§@(@((
SEEAE S&(

-,

O

S

A

(]
eSS
O &
QUNURNY

&
0))

Phospholipase A2

Arachidonic Acid

Cyclooxygenase 5-Lipoxygenase

{ Ty
PGH2 5-HETE LTA4
12-LOX
15-LOX
PGD2
PGE2 LTC4
PGF2a LB 1p4 t;gj
PGI2 LTE4
TXA2
DP1, IP1, EP1, FP, BLT1 CysLT1
EP2, EP4 TP BLT2 CysLT2 ALXR
EP3
(+)cAMP  (-) cAMP (+) Ca2* (-) cAMP (+) Ca2*
(+) Ca2*
N\ J

FIG. 1



U.S. Patent Mar. 17, 2015 Sheet 2 of 8 US 8,980,851 B2

~ Normal Healing: Balanced COX-2 and 5-LO
Cyclo-oxygenase-2

R
(.?I&Q

S

.

XCX

7
(X

3

Prostaglandins

CPLA2 Arachidonic /

B Acid

(X

H m&“&‘?&

FIG. 2A <

(@

<
A

/\

,
A

R
(.%.

(X

Leukotrienes

&

A

RV
e

A

(.I(.I(.I(‘I(.I(&%{%QI(.I(‘I(.I(.)
RSO EER
XX

5-Lipoxygenase

é Impaired Healing: COX-2 Insufficiency
Cyclo-ox@genase-2
v )rese?,

¢
¢ %
¥
1
N Prostaglandins
&

¢
L4

cPLAZ Arachidonic
Acid

'@,

&

3
(@

& ‘» A

%

@
%
(@

D)
(CXCX

7

FIG. 2B <

(@]
(XY

Leukotrienes

A

T NCXTX
i
(@

@

S
XX

A

5-Lipoxygenase

~ Enhanced Healing: 5-LO Insufficiency
=~ Cyclo-oxygenase-2

ee

@
(L XX

Prostaglandins

GPLAZ N /
; Arachidonic

Acid

X5

(@]
€@

S

o

N

(4
5
@

FIG. 2C~

¢ X
& *:l Xg‘%‘%
(X

A

(X

s Leukotrienes

o
(@

2

*

5—Lip:3x;r;a-se-a i

et m
(C XX

A,

¢
X



U.S. Patent Mar. 17, 2015 Sheet 3 of 8 US 8,980,851 B2

5-LO-/- C57BL/6

FIG. 3



U.S. Patent

Percent
(Fx/Control)

FIG. 4A

Percent
(Fx/Control)

FIG. 4B

Percent
(Fx/Control)

FIG. 4C

Percent
(Fx/Control)

FIG. 4D

Mar. 17, 2015

160

Sheet 4 of 8

Peak Torque

US 8,980,851 B2

140 4
120 1
100 4
80+
60 -
404
20+

*
T

— *

140

WT28d 5L0-KO28d  WT 84d

Rigidity

5L0O-KO 84d

120 4
100 4
80 -
60 -
40 -
204

*
T T

WT 28d  5LO-KO28d  WT 84d

Maximum Shear Stress

5LO-KO 84d

60
50 4
40 ~
30 -
20 -
104

.

—] #

WT28d SLO-KO28d  WT 84d

Shear Modulus

5L0-KO 84d

35
30-
25
20 4
154
10 -
5_

0

|

| %

WT28d  5LO-KO28d  WT 84d

5L0O-KO 84d



U.S. Patent Mar. 17, 2015 Sheet 5 of 8 US 8,980,851 B2

100 Percent Mineralized Tissue

'z WT
D 5-LOKO =

Percent 601 - 0.127 -

40 4 i
<0.001 }

20 - -

80 -

7 Days 10 Days 14 Days 21 Days

Percent Cartilage
35

<0.001

254 0.226 D >-LOKO|

Percent 20+ ; .

154 I. g

7 0.625

; Zn

7 Days 10 Days 14 Days 21 Days
\ J

FIG. 5




U.S. Patent Mar. 17, 2015 Sheet 6 of 8 US 8,980,851 B2

Cox1/- Cox2/-

FIG. 6A FIG. 6D

Cox 17 (5X) Cox27- (10X)

FIG.6B FIG. 6E
Cox1 (10X) Cox2”- (25X)

0

FIG.6C  FIG. 6F



U.S. Patent Mar. 17, 2015 Sheet 7 of 8 US 8,980,851 B2

Rat A (Control), Rat B (Control),
3 Weeks Post-fracture 3 Weeks Post-fracture

Rat C (5-LO Inhibitor Treated), Rat D (5-LO Inhibitor Treated),
3 Weeks Post-fracture 3 Weeks Post-fracture
\ J
FIG. 7

Vehicle NDGA AA-861

FIG.8A  FIG.88  FIG. 8C



U.S. Patent Mar. 17, 2015 Sheet 8 of 8 US 8,980,851 B2

Inhibition of 5-LO Increases Fracture Callus Peak Torque
600

500 - -

400 - 1

Nmm 55, T |

200+ -

100 - §

Vehicle NDGA AA-861

FIG. 8D



US 8,980,851 B2

1
METHODS FOR BONE TREATMENT BY
MODULATING AN ARACHIDONIC ACID
METABOLIC OR SIGNALING PATHWAY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/995,529, granted as U.S. Pat. No. 7,829,535,
which is a National Stage of International Application No.
PCT/US2006/032367, filed Aug. 18, 2006, published in
English under PCT Article 21(2), which claims the benefit of
U.S. Provisional Application Ser. No. 60/709,838, filed on
Aug. 18,2005, each of which are incorporated by reference in
their entirety.

SEQUENCE LISTING

This application includes a Sequence Listing submitted
electronically as a text file named “17738US_sequencelis-
ting.txt,” created on Nov. 5, 2010, with a size of 42 kb. The
sequence listing consists of 43 sequences and is incorporated
by reference.

FIELD OF INVENTION

The invention relates generally to accelerating or enhanc-
ing bone formation or fracture healing by modulating an
arachidonic acid metabolic or signaling pathway, in particular
by using inhibitors of 5-lipoxygenase activity.

BACKGROUND OF THE INVENTION

Bone fractures are a common traumatic injury. Approxi-
mately 8-10 million bone fractures are reported annually in
the United States with more than 1 million of these requiring
hospitalization. The estimated annual costs of treating these
fractures exceeds 20 billion dollars. While this is already
significant, these numbers are expected to increase due to the
aging of the general population. Further, among military per-
sonnel, bone fractures are common training injuries. Bone
fractures, typically located in the arms and legs, are also
common battle wounds. Aside from traumatic injury, bone
fractures also can be caused by disease. Osteoporosis is
caused by areduction in bone mineral density in mature bone
and results in fractures after minimal trauma. The disease is
widespread and has a tremendous economic impact. The most
common fractures occur in the vertebrae, distal radius and
hip. An estimated one-third of the female population over age
65 will have vertebral fractures, caused in part by osteoporo-
sis. Moreover, hip fractures are likely to occur in about one in
every three woman and one in every six men by extreme old
age.

Fracture healing is a complex tissue regeneration process
that involves cell migration, proliferation, apoptosis, and dif-
ferentiation in response to growth factors, cytokines, other
signaling molecules, and to the mechanical environment. The
temporal order and magnitude of each cellular process must
be controlled for optimal regeneration. The normal events of
fracture healing are described below as occurring in 4 phases.
In the initial phase, hematoma formation and localized tissue
hypoxia are the initial cellular and molecular events of frac-
ture healing. The second phase, called the early stage, is
characterized by inflammation followed by rapid accumula-
tion of cells at the fracture site. The presence of macrophages
and neutrophils at the fracture site during inflammation pre-
cedes the rapid migration and proliferation of mesenchymal
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cells at the fracture site. In the third, regenerative phase,
endochondral ossification creates the new bone which
bridges the fracture. At this point, the fracture callus has a
well-defined morphology. Intramembraneous ossification
creates buttresses of periosteal bone at the callus periphery.
Mesenchymal cells within the callus begin to differentiate
into chondrocytes at the interface of the periosteal bone but-
tress. Each new chondrocyte develops as would be expected
with matrix deposition followed by matrix calcification to
produce calcified cartilage and then apoptosis. Channels are
formed into the calcified cartilage starting at the periosteal
bone buttresses. Osteoblasts migrate or differentiate on the
surface of the calcified cartilage within these channels and
begin depositing new bone. As chondrocyte differentiation
proceeds from the periphery to the center of the callus (frac-
ture site), channel formation, osteoblast differentiation, and
new bone formation follows until the soft callus has been
replaced with woven (immature) bone. Angiogenesis during
the regenerative phase is essential. The immature woven bone
created during the regenerative phase is mechanically
unsuited for normal weight-bearing. To compensate for the
decreased mechanical properties of the woven bone, the frac-
ture callus has a significantly larger diameter which provides
for greater structural mechanical properties. In the final,
remodeling phase, fracture callus diameter diminishes until
the bone obtains its normal dimensions while maintaining the
bones overall mechanical properties by enhancing material
mechanical properties. This is accomplished by replacing the
mechanically poor, woven bone with mechanically strong,
lamellar (mature) bone. In successive rounds, osteoclasts
resorb the woven bone and osteoblasts replace it with lamellar
bone. Molecular mechanisms governing osteoclast formation
and function occurs through the RANKL-RANK pathway
and this pathway is activated during fracture healing.

Fractures are generally treated conservatively by closed
reduction of the fracture and immobilization (casting) of the
affected bone. In such cases, the bone heals through the
endochondral ossification pathway described above.
Adequate nutrition to include vitamin C, vitamin D, and
calcium aids in healing. There has been no major advance-
ment in the treatment of bone fractures since the mid 20”
century when open reduction and internal fixation of fractures
became commonplace. The promise of growth factor treat-
ments to enhance fracture healing has not been realized yet.

Unfortunately, many fractures require surgical interven-
tion to increase healing success and reduce the likelihood of
complication. There is only one approved pharmacological
enhancement for bone healing and that is treatment with
recombinant bone morphogenetic protein, either BMP-2 or
BMP-7 (OP-1). Use of these growth factors requires surgery
and due to expense and unknown potential side effects caused
by the use of supraphysiological levels of growth factors,
BMPs are used as a last-resort to heal recalcitrant fractures.
Typical patient care also involves the administration of anti-
biotics, anarcotic, an NSAID, a COX-2 inhibitor or other pain
killers during the healing process.

NSAIDs inhibit cyclooxygenase, thereby inhibiting the
conversion of arachidonic acid into prostaglandins (PGD2,
PGE2, PGF2a, PGI2, TXA2). Arachidonic acid is also a
precursor for the leukotrienes (LTB4, LTC4, LTD4, LTE4),
lipoxins (LX A4, .XB4), and 5-hydroxyeicosatetraenoic acid
(5-HETE). The enzyme S5-lipoxygenase (5-LO) converts
arachidonic acid to S5-hydroperoxyeicosatetraenoic acid
(5-HpETE). This is the first step in the metabolic pathway
which yields 5-HETE, the leukotrienes (L'Ts), and the
lipoxins. Leukotrienes are also pro-inflammatory with the
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ability to attract neutrophils and cause capillary permeability.
The arachidonic acid metabolic pathway is summarized in
FIG. 1.

Lipoxygenases are nonheme iron-containing enzymes
found in plants and animals that catalyze the oxygenation of
certain polyunsaturated fatty acids, such as lipids and lipo-
proteins. Several lipoxygenase enzymes are known, each
having a characteristic oxidation action. Mammalian lipoxy-
genases are named by the position in arachidonic acid that is
oxygenated. For example, the enzyme 5-lipoxygenase con-
verts arachidonic acid to 5-hydroperoxyeicosatetraenoic acid
(5-HpETE), while the enzyme 12-lipoxygenas converts
arachidonic acid to 12-HpETE. The activity of 5-lipoxyge-
nase requires a co-factor commonly called FLAP (five
lipoxygenase activating protein). Leukotriene synthesis is
reduced by drugs that inhibit FLAP (MK866) or mice lacking
FLAP.

WO 95/30419 discloses 5-LO inhibitors reduce osteoclast
activity. The suppression of osteoclast activity inhibits bone
resorption and reduces bone loss in human pathological con-
ditions. Bone resorption is an integral part of fracture healing
because it is necessary to remodel the newly formed bone into
stronger, more mature bone. The inhibition of bone resorption
would be expected to impair the later stages of normal frac-
ture healing. Koivukangas et al., Long-term administration of’
clodronate does not prevent fracture healing in rats. Clinical
Orthopaedics and Related Research 408: 268-278 (2003) and
Peter et al. Effect of alendronate on fracture healing and bone
remodeling in dogs. Journal of Orthopaedic Research 14:
74-79 (1996) disclose the effects of bisphosphonate therapy
on fracture healing. The data show that bisphosphonate
therapy which impairs osteoclast activity and bone remodel-
ing does not inhibit the initial stages of fracture repair but
does impair the later bone remodeling stage. The bisphospho-
nate effect on fracture healing reveals itself as persistence of
a large fracture callus that contains mechanically immature,
woven bone rather than mechanically mature, lamellar bone.

WO 03/066048 discloses that 12/15-lipoxygenase inhibi-
tors can be used to prevent bone loss or increase bone mass.
The publication describes data showing that bone mineral
density is preserved in transgenic mouse that overexpress
1L-4 and that were treated with a 15-LO inhibitor. The pub-
lication does not disclose that 15-LO inhibitors can aid frac-
ture healing or the treatment of non-unions.

Traianedes, K., et al., 5-Lipoxygenase metabolites inhibit
bone formation in vitro. Endocrinology, 139: 3178-3184
(1998) discloses the effects of LTB4,5-HETE, and L'TD4 (all
products of 5-L.O function) on the differentiation of fetal rat
calvaria (osteoblast) cells. The data show that S-HETE and
LTB4 reduce bone nodule formation and alkaline phos-
phatase activity in vitro but that LTD4 had no effect. The
results from an in vitro organ culture model showed that
LTB4 or 5-HETE treatment prevented a BMP2 induced
increase in mouse calvaria thickness. The publication, how-
ever, does not disclose the use of any 5-L.O inhibitors, nor
does it disclose that 5-LO inhibition would lead to the same
effect in cultured osteoblasts or in organ cultures. Similarly,
Ren and Dziak, Effects of leukotrienes on osteoblast cell
proliferation. Calcified Tissue International 49: 197-201
(1991) discloses that LTB4 treatment reduces proliferation of
primary rat calvaria (osteoblast) cultures in vitro, but that
LTB4 can promote proliferation of established osteoblast cell
lines (Saos-2 and (G292) in vitro at higher concentration
(0.3-1 micromolar). Ren and Dziak also disclose that LTC4
had no effect on the proliferation of primary rat osteoblast
cells or Saos-2 cells but did promote proliferation of G292
cells. Further, Ren and Dziak disclose that treatment of
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4
Saos-2 cells with a 5-LO inhibitor (AA-861) had no eftect on
Saos-2 cell proliferation. The publication indicates that 5-L.LO
inhibition should have no effect on osteogenesis.
Thus, it is readily apparent that compositions and methods
for accelerating or enhancing bone formation or fracture heal -
ing would be highly desirable.

SUMMARY

The present invention provides methods of promoting
osteogenesis by administering a compound that reduces a
S-lipoxygenase activity to treat a bone fracture, a bone defect
or a condition treated by inducing bone formation.

In another aspect of the invention, the methods can further
comprise an additional active agent such as a modulator of the
activity of a cyclooxygenase. In one aspect the activity of a
cyclooxygenase-2 (COX-2) is increased. In another aspect,
the activity of cyclooxygenase-1 (COX-1) is reduced.

In one aspect, the methods use in vivo administration of a
compound. In another aspect, ex vivo administration of a
compound is used.

Inoneaspect, the compound is a small molecule. In another
aspect the compound is an antisense compound. In another
aspect, the compound is an RNAi compound.

These and other aspects of the present invention will
become evident upon reference to the following detailed
description and attached figures. In addition, various refer-
ences are set forth herein which describe in more detail cer-
tain procedures or compositions, and are therefore incorpo-
rated by reference in their entirety.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 summarizes an exemplary arachidonic acid meta-
bolic or signaling pathway.

FIG. 2 illustrates the modulation of arachidenic acid
metabolism by altering cyclooxygenase activity or lipoxyge-
nase activity to accelerate or enhance bone formation. FIG.
2 A represents the normal functioning of the pathway. FIG. 2B
shows that the inhibition of COX-2 activity leads to excess
leukotriene production which impairs bone formation in frac-
ture healing or other osteogenic processes. FIG. 2C shows
that the inhibition of lipoxygenase activity leads to excess
prostaglandin production which accelerates or enhances bone
formation in fracture repair or other osteogenic processes.

FIG. 3 shows that serial x-rays of femur fractures made
from a SL.O-/- mouse and a normal mouse (C57BL/6). The
x-rays show that osteogenesis, and therefore fracture healing
is accelerated in the 5SLO-/- mouse.

FIG. 4 illustrates mechanical testing data of fracture heal-
ing in wild-type (WT) and 5-LO knockout mice (SLO-KO or
5-LO-/-) 28 days and 84 days after the onset of the fracture.
Peak torque (FIG. 4A), rigidity (FIG. 4B), maximum shear
stress (FIG. 4C), and shear modulus (FIG. 4D) were calcu-
lated from callus dimensions and the torque to angular dis-
placement curves.

FIG. 5 illustrates histomorphometric data of fracture heal-
ing from wild-type (WT) and 5-L.O knockout mice (5-LOKO
or 5-LO-/-) at 7, 10, 14, and 21 days after fracture. The left
panel shows the percent of fracture callus area that is newly
formed bone (mineralized tissue) and the right panel shows
the percent of fracture callus area that is cartilage.

FIG. 6 shows that fracture healing is dramatically impaired
in COX-2 knock-out mice and that the defect in healing
occurs because of lack of osteogenesis (new bone formation).
FIG. 6 A shows data from x-rays and FIGS. 6B and 6C show
the histological samples of 14-day old femur fractures in mice
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lacking a functional COX-1 gene. FIG. 6D shows data from
x-rays and FIGS. 6E and 6F show the histological samples of
14-day old femur fractures in mice lacking a functional
COX-2 gene.

FIG. 7 illustrates that osteogenesis is accelerated in rats
treated with 5-LO inhibitors, resulting in fractures healing
faster than in untreated rats.

FIG. 8 illustrates that osteogenesis is accelerated in rats
treated with two different 5-LO inhibitors, resulting in frac-
tures healing faster than in untreated rats. FIGS. 8A, 8B, and
8C show data from x-rays for vehicle control (8A), NDGA
(8B), and AA-861 (8C). FIG. 8D is a graph showing inhibi-
tion of 5-L.O increases fracture callus peak torque.

DETAILED DESCRIPTION OF THE INVENTION

The practice of the present invention will employ, unless
otherwise indicated, conventional methods of protein chem-
istry, biochemistry, recombinant DNA techniques and phar-
macology, within the skill of the art. Such techniques are
explained fully in the literature. See, e.g., T. E. Creighton,
Proteins: Structures and Molecular Properties (W.H. Free-
man and Company, 1993); A. L. Lehninger, Biochemistry
(Worth Publishers, Inc., current addition); Sambrook, et al.,
Molecular Cloning: A Laboratory Manual (2nd Edition,
1989); Methods In Enzymology (S. Colowick and N. Kaplan
eds., Academic Press, Inc.); Remington’s Pharmaceutical
Sciences, 18th Edition (Easton, Pa.: Mack Publishing Com-
pany, 1990); Carey and Sundberg Advanced Organic Chem-
istry 3" Ed. (Plenum Press) Vols A and B (1992).

All publications, patents and patent applications cited
herein, whether supra or infra, are hereby incorporated by
reference in their entirety.

1. DEFINITIONS

In describing the present invention, the following terms
will be employed, and are intended to be defined as indicated
below.

By “modulating an arachidonic acid metabolic or signaling
pathway” is meant use of a drug or a compound which inhibits
or promotes the activity or concentration of any enzyme or
regulatory molecule involved in an arachidonic acid metabo-
lism or signal pathway in a cell or animal. Preferably drug or
a compound can be selected from a FLLAP inhibitor such as
BAYx 1005, MK-886, and MK-0591; a 5-Lipoxygenase
inhibitor such as Zileuton, BAY-G576, RS-43,179, Wy-47,
288, ABT-761, vitamin A, and BW A4C; leukotriene receptor
antagonists such as zafirlukast, montelukast, pranlukast, ICI-
204,219, MK-571, MK-679, ONO-RS-411, SK&F 104,353,
and Wy-48,252; a leukotriene B4 receptor antagonists; a leu-
kotriene C4 synthase inhibitors; a Leukotriene A4 hydrolase
inhibitors; a non-steroidal antiinflammatory drug (NSAID), a
leukotriene receptor antagonists and leukotriene analogs,
compounds modulating the formation and action of leukot-
rienes, compounds that affect cyclooxygenase activity, com-
pounds that affect prostaglandin activity such as receptor
agonists or antagonists, prostaglandin analogs, compounds
that affect leukotriene activity such as receptor agonists or
antagonists, and leukotriene analogs.

By “accelerated” is meant that osteogenesis occurs more
rapidly and the time required for bone healing is reduced, or
the bone heals more quickly in a treated subject as compared
to an untreated subject or a control subject.

By “enhancing” is meant that the healed bone in the treated
subject has improved characteristics compared to an
untreated subject, or a control subject such as, for example,
greater bone strength.
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By “fracture healing” or “fracture repair” is meant that, in
particular, promoting the healing of bone fractures and bone
defects, and improving the mechanical stability of the healing
fracture or site. Such bone fractures may be, for example, the
common, traumatic (disabling and non-osteoporotic) frac-
tures, the osteoporotic fractures due to osteoporosis or
osteopenia of any etiology, fractures due to Paget’s disease or
fractures due to bone loss as a consequence of side effects of
other drugs, e.g. in patients receiving high doses of corticos-
teroids, fractures arising from other congenital or acquired
disease such as, e.g., osteogenesis imperfecta and breast can-
cer, surgical created fractures (osteotomies) used for example
in bone lengthening and limb lengthening procedures, and
treatment of bone fracture delayed unions or non-unions. The
invention augments fracture healing following normal reduc-
tion and immobilization of the fracture using techniques com-
mon to one skilled in the art by accelerating and enhancing
bone formation.

By “bone formation” is meant that the rate of bone forma-
tion in a subject treated according to the methods of the
invention, such as, e.g., by receiving a 5-lipoxygenase inhibi-
tor, is increased over the bone formation rate in a subject that
is not given a 5-lipoxygenase inhibitor. Such enhanced bone
formation is determined herein using, e.g., quantitative digi-
tized morphometry, as well as by other markers of bone
formation, as described above. Bone formation is meant to
include the osteogenic process used for spine fusions and
other joint or bone ankylosis application, bone formation into
or around prosthetic devices, or bone formation to augment
existing bones or replace missing bones or bone segments.

By “osteogenesis” is meant the production of bone that is
associated with repair of a fractured bone, repair of a bone that
has a defect caused by intentional or non-intentional damage,
or induction of bone formation used to fuse more than one
bone or bone segment together. “Osteogenesis” is not meant
to include bone formation associated with normal bone
growth in adolescents. “Osteogenesis™ also is not meant to
include bone formation associated with normal bone homeo-
stasis, which is often referred to as bone remodeling, in which
bone is normally turned-over by a process whereby osteo-
clasts resorb bone and osteoblasts make new bone to replace
that which has been resorbed.

By “bone defect” is meant damage to a bone such that a
portion of the bone is removed or is otherwise missing. Such
bone defects would include anomalous holes, gaps or open-
ings created in the bone for purposes of a diagnostic or thera-
peutic procedure, loss of bone segments from trauma or dis-
ease, puncture wounds to the bone, and the like.

The term “modulating” refers to the effect of a modulator
on an arachidonic acid metabolic or signaling pathway. A
modulator can be, e.g., a polypeptide, nucleic acid, macro-
molecule, complex molecule, small molecule, compound, or
the like (naturally occurring or non-naturally occurring) that
is capable of causing modulation. Modulators can be evalu-
ated for potential activity as inhibitors or activators (directly
or indirectly) of a functional property, biological activity or
process, or a combination thereof (e.g., agonist, partial
antagonist, partial agonist, inverse agonist, antagonist, and
the like), by inclusion in assays that measure the activity of an
enzyme in the pathway.

The terms “effective amount” or “pharmaceutically effec-
tive amount” refer to a sufficient amount of an agent to pro-
vide the desired biological result. That result can be reduction
and/or alleviation of the signs, symptoms, or causes of a
disease, or any other desired alteration of a biological system.
For example, an “effective amount™ for therapeutic uses is the
amount of the composition comprising an active compound
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herein required to provide a clinically significant increase in
osteogenesis and, thus, healing rates in fracture repair; rever-
sal of cartilage defects or disorders; stimulation and/or aug-
mentation of bone formation in fracture non-unions, delayed
unions and distraction osteogenesis; increase and/or accelera-
tion of bone growth into prosthetic devices; enhanced or
accelerated bone formation in joint ankylosis, bone ankylo-
sis, or spine fusions, bone formation to augment existing bone
or replace missing bone or bone segments such as during

8

to a lower level of measured activity relative to a control
experiment in which the enzyme, cell, or subject is not treated
with the test compound. In particular embodiments, the inhi-
bition or reduction in the measured activity is at least a 10%
reduction or inhibition. One of skill in the art will appreciate
that reduction or inhibition of the measured activity of at least
20%, 50%, 75%, 90% or 100% or any amount between 10%
and 100%, may be preferred for particular applications. Inhi-
bition of enzyme activity may be through any mechanism,

autograft, allograft, or synthetic bone material incorporation, 10 including, by way of example, but not limitation, a reduction
and repair of dental defects. in the amount of enzyme present, a competitive or non-com-
As used herein, the terms “treat” or “treatment” are used petitive inhibition of catalytic activity, an interference with an
interchangeably and are meant to indicate administering one interaction between the enzyme and a co-factor or accessory
or more compounds in accordance with the methods of the protein, etc. In addition, the compounds of the present inven-
invention to promote osteogenesis to obtain a desired thera- 15 tion may be used to increase a COX-2 activity. In particular
peutic objective. The terms further include ameliorating embodiments, the increase of enzyme activity refers to a
existing bone or cartilage deficit symptoms, preventing addi- higher level of measured activity relative to a control experi-
tional symptoms, ameliorating or preventing the underlying ment in which the enzyme, cell, or subject is not treated with
metabolic causes of symptoms, and/or encouraging bone the test compound. In particular embodiments, the increase in
growth. 20 measured activity is at least a 10% increase. One of skill in the
As used herein, “small molecule” is meant to indicate a art will appreciate that an increase of the measured activity of
chemical compound having a molecular weight of less than at least 20%, 50%, 75%, 90% or 100% or any amount
about 500 daltons. Small molecules do not include biologic between 10% and 100% or beyond, may be preferred for
polymers such as polypeptides and polynucleotides. particular applications. Increase of enzyme activity may be
By “pharmaceutically acceptable” or “pharmacologically 25 through any mechanism, including, by way of example but
acceptable” is meant a material which is not biologically or not limitation, an increase in the amount of enzyme present,
otherwise undesirable, i.e., the material may be administered or by increasing the enzyme’s turnover rate, or altering its
to an individual without causing any undesirable biological substrate binding properties.
effects or interacting in a deleterious manner with any of the References to the enzymes S-lipoxygenase (5-LO), COX-
components of the composition in which it is contained. 30 1, and COX-2 are intended to encompass the exemplary
By “physiological pH” ora “pH in the physiological range” sequences referenced in Table 1, some of which are provided
is meant a pH in the range of approximately 7.2 to 8.0 inclu- immediately following Table 1, as well as sequences at least
sive, more typically in the range of approximately 7.2 to 7.6 90% identical, or at least 95%, or at least 96%, or at least 97%,
inclusive. or at least 98%, or at least 99% identical to the exemplary
Asused herein, the term “subject” encompasses mammals. 35 sequences as can be ascertained by one of ordinary skill using
Examples of mammals include, but are not limited to, any routine alignment algorithms such as e.g., BLAST. In addi-
member of the Mammalia class: humans, non-human pri- tion, other mammalian homologues are encompassed. Such
mates such as chimpanzees, and other apes and monkey spe- homologues are identified as such on the basis of e.g.,
cies; farm animals such as cattle, horses, sheep, goats, swine; sequence similarity, functional similarity, and by chromo-
domestic animals such as rabbits, dogs, and cats; laboratory 40 some location. In addition to protein sequence, exemplary
animals including rodents, such as rats, mice and guinea pigs, nucleic acid sequences are provided from which one of ordi-
and the like. The term does not denote a particular age or nary skill can readily obtain sequences of anti-sense and
gender. RNAi compounds useful for inhibiting the activity of the
The compounds of the present invention may be used to enzyme in accordance with the methods of the invention.
inhibit or reduce the activity of 5-lipoxygenase, 5-lipoxyge- 45 Anti-sense compounds useful for practice of the invention are
nase and cyclooxygenase, and other enzymes and compounds known in the art and can be obtained through commercial
in an arachadonic acid metabolic or signaling pathway. In this sources, as described in, e.g., Ding et al. (1999) BBRC Vol.
context, inhibition and reduction of the enzyme activity refers 261, pp. 218-223 (incorporated by reference).
TABLE 1
Exemplary Sequences
Entrez GeneBank Protein Similarity
OMIM Gene Accession mMRNA (Swiss- to human
Symbol D D Number (GenBank) Prot) sequence
Name: arachidonate 5-lipoxygenase; aka: 5-LO, 5-lipoxygenase
Human ALOX5 152390 240  NC_000010 NM_000698 P09917 NA
Rat  Alox5 NA 25290  NC_005103 NM 012822  P12527 86.29% (n')
92.94% (p?)
Mouse Alox5 NA 11689  NC_000072 NM_009662  P48999 87.88% (n)
93.47% (p)
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TABLE 1-continued

Exemplary Sequences

Name: arachidonate 5-lipoxygenase-activating protein; aka: FLAP

Human ALOXSAP 603700 241  NC_000013 NM 001629 P20292 NA
Rat Alox5ap NA 29624  NC_ 005111 NM 017260 P20291 85.09% (n)
91.93% (p)
Mouse Alox5ap NA 11690  NC_000071 NM 009663 P30355 85.71% (n)
91.93% (p)

Name: prostaglandin-endoperoxide synthase 2; aka: cyclooxygenase-2, COX-2,

PGHS -2

Human PTGS2 600262 5743  NC 000001 NM 000963 P35354 NA

Rat Ptgs2 NA 29527  NC_005112 NM 017232  P35355 83.17% (n)
84.91% (p)

Mouse Ptygs2 NA 19225  NC_000067 NM 011198 Q05769 84.71% (n)
86.75% (p)

Name: prostaglandin-endoperoxide synthase 1; aka: cyclooxygenase-1, COX-1,

PGHS-1
Human PTGS1 176805 5742 NC_000009 NM_000962 P23219 NA
Rat Ptgsl NA 24693 NC_005102 NM_017043 Q63921 84.87% (n)
88.11% (p)
Mouse Ptgsl NA 19224 NC_000068 NM_008969 P22437 85.59% (n)
89.78% (p)
Human 5-Lipoxygenase mRNA Sequence (GenBank RefSeqg NM 000698)
(SEQ ID NO:

1 gecagggacce agtggtggga ggaggcetgceg gegctagatg cggacacctg gaccgecgeg

61 ccgaggetee cggegetege tgctcccgeg geccgegeca tgccectecta cacggtcace
121 gtggccactyg gcagccagtyg gttegecgge actgacgact acatctacct cagectegtg
181 ggcteggegyg getgcagega gaagcacctyg ctggacaage ccttctacaa cgacttcegag
241 cgtggegegyg tggattcata cgacgtgact gtggacgagyg aactgggcga gatccagetg
301 gtcagaatcg agaagcgcaa gtactggctg aatgacgact ggtacctgaa gtacatcacg
361 ctgaagacgce cccacgggga ctacatcgag tteccctget accgetggat caccggegat
421 gtcgaggttg tectgaggga tggacgcgca aagttggcce gagatgacca aattcacatt
481 ctcaagcaac accgacgtaa agaactggaa acacggcaaa aacaatatcg atggatggag
541 tggaaccctyg gettcecectt gagcatcgat gecaaatgcece acaaggattt acccegtgat
601 atccagtttyg atagtgaaaa aggagtggac tttgttctga attactccaa agcgatggag
661 aacctgttca tcaaccgett catgcacatg ttecagtcett cttggaatga cttegecgac
721 tttgagaaaa tctttgtcaa gatcagcaac actatttctyg agegggtcat gaatcactgg
781 caggaagacc tgatgtttgg ctaccagttc ctgaatgget gcaaccctgt gttgatccgg
841 cgctgcacag agctgceccga gaagctcceceg gtgaccacgyg agatggtaga gtgcagectg
901 gagcggcagce tcagettgga gcaggaggtce cagcaaggga acattttcat cgtggacttt
961 gagctgctgg atggcatcga tgccaacaaa acagacccect geacactceca gttectggec
1021 gctecccatet gettgetgta taagaacctg gccaacaaga ttgtccccat tgccatccag
1081 ctcaaccaaa tcccgggaga tgagaaccct attttectcece cttecggatge aaaatacgac
1141 tggcttttgg ccaaaatctg ggtgcgttee agtgacttcce acgtccacca gaccatcacce

1201 caccttectge gaacacatct ggtgtctgag gtttttggca ttgcaatgta ccgccagctg
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TABLE 1-continued

Exemplary Sequences

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

Human 5-Lipoxygenase Protein

cetgetgtge

aacaccaagg

acagggggceyg

tcectgtget

tactacttct

gaggtggtag

gacttecgtga

aagtcggtca

tcegeccage

gegeccccaa

atcgtggaca

ctgagecagt

gagaagcctyg

gtgattgcetyg

attccgaaca

ccecagecaga

catctcttcece

agattgatca

gtcctgteca

tgatagatgt

agtccaattce

tggttgecat

accccatttt

cecegtgagea

gtgggcacgt

ttecegagge

accgggacga

acatctacta

acgatgtcta

agagccggga

acgeegeggt

ccatgegage

cgetgeccega

tccaggaaaa

tgaaggaagc

agcgcaacaa

gtgtggccat

tggactccag

tceecgaggeca

aagtgtaaac

caccecagetce

ctattettgt

cttgcacata

aaaaataaat

caagctgetg

gctecatetge

gcagatggtg

catcaaggec

cgggetectyg

cgagggcgac

cgtgtacggce

gcagctgteg

caacttegge

ccegecacey

cegeggecge

cgagetgtte

catggececga

gaagaagcag

ctgagcacac

cectgectgge

gtacctttece

accataggga

agcatttcca

tggagacatg

gtaggtaccc

cagttcattt

gtggcacacyg
gagtgtggee
cagagggceca
cggggcatgg
gtgtgggaag
caggtggtgg
atgeggggec
gagtacctga
cagtacgact
actgccaagg
tcctgetgge
ctgggeatgt
ttccgeaaga
ctgccatatt
tgccagtete
aggctgtetg
atttattctt
cccattetac
caccaagcag
ggatgattat
aattcaatta

aaaaaaaaaa

tgagattcac

tctttgacaa

tgaaggacct

agagcaaaga

ccatcaggac

aggaggaccc

gcaagtccte

cegtggtgat

ggtgctecty

gegtggtgac

atctgggtge

acccagaaga

acctegaggce

actacttgtce

actgtgggaa

gccaggecte

tgatcttecag

acagagcagg

caacagcaaa

tttctgttet

ctattgaatg

aaaaaaaa

cattgcaatc

ggccaacgcee

gacctatgee

agacatcccc

gttcacggee

ggagctgcag

aggcttecee

cttcaccgec

gatccccaat

cattgagcag

agtgtgggcyg

gcattttate

cattgtcage

cccagacegyg

ggccagetge

ttggcagtca

ggaactgcat

actgcacage

tcacgaccac

atttgtgett

aattaagaat

Sequence (GenBank RefSeq NM 000698

(SEQ ID NO:

MPSYTVTVATGSQWFAGTDDYIYLSLVGSAGCSEKHLLDKPFYNDFERGAVDSYDVTVDEELGEIQLVRIEKRKY

WLNDDWYLKYITLKTPHGDYIEFPCYRWITGDVEVVLRDGRAKLARDDQIHILKQHRRKELETRQKQYRWMEWNP

GFPLSIDAKCHKDLPRDIQFDSEKGVDFVLNYSKAMENLF INRFMHMFQSSWNDFADFEKIFVKISNTISERVMN

HWQEDLMFGYQFLNGCNPVLIRRCTELPEKLPVTTEMVECSLERQLSLEQEVQQGNIFIVDFELLDGIDANKTDP

CTLQFLAAPICLLYKNLANKIVPIAIQLNQIPGDENPIFLPSDAKYDWLLAKIWVRSSDFHVHQTI THLLRTHLV

SEVFGIAMYRQLPAVHPIFKLLVAHVRFTIAINTKAREQLICECGLFDKANATGGGGHVOMVQRAMKDLTYASLC

FPEAIKARGMESKEDIPYYFYRDDGLLVWEAIRTFTAEVVDIYYEGDQVVEEDPELQDFVNDVYVYGMRGRKSSG

FPKSVKSREQLSEYLTVVIFTASAQHAAVNFGQYDWCSWIPNAPPTMRAPPPTAKGVVTIEQIVDTLPDRGRSCW

HLGAVWALSQFQENELFLGMYPEEHFIEKPVKEAMARFRKNLEATIVSVIAERNKKKQLPYYYLSPDRIPNSVAI

Human FLAP mRNA Sequence (GenBank RefSeq NM 001629)

2)

61

121

181

241

acttccectt

agcctgaagce

cecteateag

cccagaatgg

ccaaccagaa

cctgtacagyg

aaacatggat

cgtggtecag

gaggagctte

ctgtgtagat

gcaggttgtyg
caagaaactg
aatggattct
cagaggaccg

gcegtacceca

cagctggagyg
taggcaatgt
ttgcccataa
gaacacttge

ctttectege

cagagcagtc
tgtcctgttg
agtggagcac
ctttgagegyg

tgtgctetgg

(SEQ ID NO:
ctectetgggy

gccategtea
gaaagcagga
gtctacactyg

tCthggggC

3)

12
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TABLE 1-continued

Exemplary Sequences

301 tactttgcag ccaagttcct getgegtttg ctggactgat gtacttgttt gtgaggcaaa
361 agtactttgt cggttaccta ggagagagaa cgcagagcac ccctggctac atatttggga
421 aacgcatcat actcttectg ttectcatgt cegttgetgyg catattcaac tattacctca
481 tcttettttt cggaagtgac tttgaaaact acataaagac gatctccacc accatctcce
541 ctctacttct cattccctaa ctetectgctg aatatggggt tggtgttetce atctaatcaa
601 tacctacaag tcatcataat tcagctcttg agagcattct getcttettt agatggetgt
661 aaatctattg gecatctggg cttcacaget tgagttaace ttgettttcee gggaacaaaa
721 tgatgtcatg tcagcteccge cecttgaaca tgaccgtgge cccaaatttg ctattcccat
781 gcattttgtt tgtttcttca cttatcctgt tctectgaaga tgttttgtga ccaggtttgt
841 gttttcttaa aataaaatgc agagacatgt ttt
Human FLAP Protein Sequence (GenBank RefSeq NM 001629
(SEQ ID NO: 4)
MDQETVGNVVLLAIVTLISVVONGFFAHKVEHESRTONGRSFQRTGTLAFERVYTANQNCVDAYPTFLAVLWSAG
LLCSQVPAAFAGLMYLFVRQKYFVGYLGERTQSTPGYIFGKRIILFLFLMSVAGIFNYYLIFFFGSDFENYIKTI
STTISPLLLIP
Human COX-2 mRNA Sequence (GenBank RefSeq NM 00963)
(SEQ ID NO: 5)
1 caattgtcat acgacttgca gtgagcgtca ggagcacgtce caggaactcc tcagcagegce
61 ctecttecage tecacageca gacgccctcea gacagcaaag cctacccccg cgccgegece
121 tgccegecge teggatgetce geccgegece tgetgetgtyg cgeggtectyg gegetcagece
181 atacagcaaa tccttgetgt tcccacccat gtcaaaaccyg aggtgtatgt atgagtgtgg
241 gatttgacca gtataagtgc gattgtaccc ggacaggatt ctatggagaa aactgctcaa
301 caccggaatt tttgacaaga ataaaattat ttctgaaacc cactccaaac acagtgcact
361 acatacttac ccacttcaag ggattttgga acgttgtgaa taacattcce ttccttcgaa
421 atgcaattat gagttatgtc ttgacatcca gatcacattt gattgacagt ccaccaactt
481 acaatgctga ctatggctac aaaagctggg aagecttcete taacctctcee tattatacta
541 gagcecttee tcectgtgcect gatgattgece cgactccectt gggtgtcaaa ggtaaaaage
601 agcttectga ttcaaatgag attgtggaaa aattgcttct aagaagaaag ttcatccctg
661 atccccaggg ctcaaacatg atgtttgcat tctttgccca gcacttcacg catcagtttt
721 tcaagacaga tcataagcga gggccagett tcaccaacgg gctgggccat ggggtggact
781 taaatcatat ttacggtgaa actctggcta gacagcgtaa actgcgectt ttcaaggatg
841 gaaaaatgaa atatcagata attgatggag agatgtatcc tcccacagtc aaagatacte
901 aggcagagat gatctaccct cctcaagtece ctgagcatct acggtttget gtggggcagg
961 aggtctttgg tetggtgect ggtctgatga tgtatgccac aatctggetyg cgggaacaca
1021 acagagtatg cgatgtgctt aaacaggagc atcctgaatg gggtgatgag cagttgttcece
1081 agacaagcag gctaatactg ataggagaga ctattaagat tgtgattgaa gattatgtgce
1141 aacacttgag tggctatcac ttcaaactga aatttgaccc agaactactt ttcaacaaac
1201 aattccagta ccaaaatcgt attgctgctg aatttaacac cctctatcac tggcatccce
1261 ttctgectga cacctttcaa attcatgacc agaaatacaa ctatcaacag tttatctaca
1321 acaactctat attgctggaa catggaatta cccagtttgt tgaatcattc accaggcaaa

14



15

US 8,980,851 B2

TABLE 1-continued

Exemplary Sequences

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

ttgectggeag

cttecattga

ttatgctgaa

agttggaagc

aaaagccteg

ccttgaaagyg

ttggtggaga

ataacgtgaa

cagtcaccat

tactaaaaga

gaaccatgtce

aacatcttct

gacttttatg

tattctgttt

ttatattata

aaatgctgaa

gtaactaatg

aggtatcagt

actttttaaa

acctgtaaaa

getgtettygy

tattttataa

aaacttcctt

tctcaaaata

gtaaaatcta

caaattattg

actgcaggec

ataacgatat

ttgcaaaagt

cattaatttt

acctgeatge

ctcatcactt

tggactectge

aggactgcta

aatagtatac

atctgtaacc

tgactggaaa

caaatgatat

atctcattgt

ggttgctggt
ccagageagg
gcectatgaa
actctatggt
gccagatgee
acttatgggt
agtgggtttt
gggctgtece
caatgcaagt
acgttegact
tattaattta
gtaacagaag
tcactactet
tataaaccag
agaacgaaag
agtttttaca
tttgaaattt
gcattattaa
atcagcaatg
gettgtttga
atttaaatct
gtgatgttce
ttaaatcaaa
agaatatttt
tatcagcaaa
ttcaaattta
tggtactcag
gttttetcag
agcaatgacc
atctcagtet
tgttecectttt
cgtttetect
ctatatttte
tttagctect
acttatttta
aagatggatg
aagttacgtt
ctaagtagtt

cactgacatt

ggtaggaatg

cagatgaaat

tcatttgaag

gacatcgatg

atctttggty

aatgttatat

caaatcatca

tttacttcat

tctteceget

gaactgtaga

attatttaat

tcagtactec

aaagattttg

agagaaatga

taaagatgtt

ctgtegatgt

taaagtactt

atgaatattt

aaacaataat

tttcttaaag

gtaaaatcag

tttttcacca

atgccaaatt

gttgagatat

agggtctacc

ggtttaaact

attttgctat

attttectgtt

tcataaaata

tgaagccaat

cttttettet

attttgtttt

ttacctgaac

cttaagaaga

agtgaaaagc

caaagaggct

cccattctaa

ctcagcaata

taatggtact

ttccaccege

accagtettt

aacttacagg

ctgtggaget

aaaccatggt

gttectectge

acactgectce

tcagtgttec

ccggactaga

agtctaatga

aatatttata

tgttgcggag

ctgttgetgt

gttttgacgt

tgaatactta

ttccaatgea

ttggttattt

aaattagaca

ttgaaatttc

ttattaaact

atgaaatttt

agagtataaa

tattaaggtg

tccagaattt

tttaaaataa

tttgaagcaa

gaggttaatg

gtacagttta

cctecttcaaa

tcagtaggtyg

tttageccatt

actagtttta

ttttgcaagt

ttaaaagaga

agagaatttt

agtgcctceag

ttaatgecct

ataataatga

gtatattact

agtacagaaa

taatgagtac

agaaaaggaa

gtatcctgee

agaagttgga

ctactggaag

aattcagtet

agatccagag

tgatatcaat

tcatatttat

ttaaactcct

aaaggagtca

taagtttgga

ctttttactt

aacactatca

tcttecatga

ttetgteate

ttaccagtaa

taaattcata

tgtacatata

actacaattg

cctttttagt

gtggagccac

gtttatatgg

gcaataacaa

actttttttt

aagtaccaag

atttagcagt

atgcttaaat

cattggaatc

ttgctaagag

agatcagagt

tttcaggtaa

aaaaaaaagg

atttataget

agagaactgt

ttcttattta

cgataatact

taatttattg

gtatcacagg
cgcaaacgcet
atgtctgeag
cttetggtag
gcaccattet
ccaagcactt
ctcatctgea
ctcattaaaa
cccacagtac
ttatttatat
tatgttactt
tacttgtgaa
aaacagtttt
gaatttcaac
caagatggca
tgcattagaa
aaacaaaaac
tttcatgtet
gggtagaatc
ccaaaaagaa
cttgttaaaa
gtgactgtta
tgcagtgtta
ctggtaacat
agaagaaaac
atcecttgtge
ctgtgettga
ccatatcaca
tcatttcaca
aagcctgget
acacagtctt
tcactttctt
acctcagete
cccttttaaa
aattttagct
acggggtttg
aaaacaaaac
tcttttecac

aagattatta

16
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TABLE 1-continued

Exemplary Sequences

3721

3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

tttatgtcectt

ttttttgtta

aacaatccaa

catattgaga

aaagaatatt

gggatctgtg

tcaagcactg

tataaataat

aaagataact

agaaatagtc

gatttgttat

gtttcagtge

tgtctgttta

attaggacac

tgtcacaatc

agaaatgatt

tatttaaggt

gtctcattag

gatgcttegt

tgggttttaa

tgaaaaaaat

caggagaatc

aatatgettg

taacattgat

ctcagacaaa

tttttgtact

tatggttata

agtatatttt

gtattaagat

tgaatgtttyg

cctgaatgtyg

taatttgttc

tatttttaaa

tttettttygg

ttctttacaa

tataaaacac

ctgctgacaa

tgtgtattta

attta

aactgtgttt

ctttggggtt

ttgtgaataa

tccttaggat

ccataagact

agccacaatt

tcaaacgetyg

gaagagggag

ttttacgttt

tgttcactgt

aacctgggaa

acttatgtaa

aagcctacaa

acctctetga

atttttagaa

aggcctatgt

gaccttttaa

tattgagaaa

attacagata

aaaatgaaat

agaatgttta

tttttttaaa

tttgggttgt

aagataagtc

Human COX-2 Protein Sequence (GenBank RefSeq NM 000963)

tcattgattt

atattatgta

atctgattgg

gctageccac

aatgttttga

atattctgtyg

atagtattta

aaatatcatt

aggttaagaa

aaaaaaactt

gtatgcgaat

tggaaataaa

(SEQ ID NO:

MLARALLLCAVLALSHTANPCCSHPCQNRGVCMSVGFDQYKCDCTRTGFYGENCSTPEFLTRIKLFLKPTPNTVH

YILTHFKGFWNVVNNIPFLRNAIMSYVLTSRSHLIDSPPTYNADYGYKSWEAFSNLSYYTRALPPVPDDCPTPLG

VKGKKQLPDSNEIVEKLLLRRKFIPDPQGSNMMFAFFAQHFTHQF FKTDHKRGPAF TNGLGHGVDLNHIYGETLA

RORKLRLFKDGKMKYQI IDGEMYPPTVKDTQAEMIYPPQVPEHLRFAVGQEVFGLVPGLMMYAT IWLREHNRVCD

VLKQEHPEWGDEQLFQTSRLILIGETIKIVIEDYVQHLSGYHFKLKFDPELLFNKQFQYQNRIAAEFNTLYHWHP

LLPDTFQIHDQKYNYQQFIYNNSILLEHGI TQFVESFTRQIAGRVAGGRNVPPAVQKVSQASIDQSROMKYQSFEN

EYRKRFMLKPYESFEELTGEKEMSAELEALYGDIDAVELYPALLVEKPRPDAIFGETMVEVGAPFSLKGLMGNVI

CSPAYWKPSTFGGEVGFQI INTASIQSLICNNVKGCPFTSFSVPDPELIKTVTINASSSRSGLDDINPTVLLKER

STEL

Human COX-1 mRNA Sequence (GenBank RefSeq NM 000962)

6)

61

121

181

241

301

361

421

481

541

601

661

721

781

aggtgacagc
ctggagetec
ccecageagec
ctecegeage
tgttactate
tgtgactgeca
tggcteegga
cgetggttet
ctcacagtgce
atcagetggg
aaagattgec
ctggecegec

atgtttgect

ggtecctgget

tggagggagg
gggcagtgtg
gegecatgag
tcececegtect
catgeccagea
ceegeacggyg
attcactgeg
gggagtttgt
gctecaacct
agtctttete
ccacacccat
gcttectget
tctttgecaca

tcaccaaggce

agcgggggtyg
cgaggegeac
cceggagtete
gctegeggac
ccagggeatc
ctattecegge
gcccageece
caatgccacce
tatccccagt
caacgtgagce
gggaaccaaa
caggaggaag
acacttcacc

cttgggecat

gagceggggy
gcacaggage
ttgctetggt
ccaggggege
tgtgteeget
cccaactgea
tcttteacee
ttcatcegag
cceeccaccet
tattacactc
gggaagaagc
ttcatacctg

caccagttet

ggggtagacc

aagggtgggg
ctgcactetyg
tcttgetgtt
ccacgecagt
tceggecttga
ccatcectgg
acttcetget
agatgctcat
acaactcagc
gtattctgee
agttgccaga
acccccaagg
tcaaaacttc

tceggecacat

(SEQ ID NO:
aggggatggg

cgtecegeac
cectgetectyg
gaatccctgt
ccgetaccag
cectgtggace
cactcacggyg
gegectggta
acatgactac
ctectgtgect
tgcccagete
caccaaccte
tggcaagatg

ttatggagac

7)

18
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TABLE 1-continued

Exemplary Sequences

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

aatctggagce
ctggatggag
cgaggcatec
gggcteatge
aaggctgagce
ataggggaga
ctgcagetga
attgeccatgg
gtgggctece
tatggggttyg
ggcaggaaca
gagatgcgge
tcecttecagy
gacattgatg
atctttgggyg
aatcccatcet
aacattgtca
tacgtttect
tccacagagce
attccagagt
gtgagtgttg
ttctgtttat
tteteatttg
tggttgattt
gttagggggt
ttgtgttect
ctgtctagaa
tcctaaggte
gtggggtgtt
gtgggctgta
gactcatgge
tatatctctt
cttgtageca
gggcccatca
actgeeettt
attcagttec
ggcacccggyg

tctcacacca

ctcagagtgg

gtcagtatca

aaatgtaccc

cgececagag

tgtatgecac

accccacctyg

ccatcaagat

aatttgaccc

agttcaacca

aggagtacag

aggcectggt

tggaccacca

tgcagecectt

agctegtagg

cgttggagtt

agagtatgat

gttctecgga

agacggecac

tcegtgtgec

tctgaggggc

gctgaggeca

gggttgacat

tcttecagaa

gtctgecaga

gtaacacagt

tcttatttty

ggctgatgat

tgtggatttyg

caacaagaat

cttettggga

ttcacgecat

agctgtttet

ttggtcecat

tggetgggeyg

ctgtatagac

tcaggaaget

caccatctga

gaggagagca

acagtgtgaa

tcgagtgaca

actgeggetce

gcecteggta

ccagatgget

gctetggeta

gggcgatgag

tgtcategag

agagctgetg

tctctaccac

ctacgagcag

ggatgectte

catcctgeat

caatgagtac

agagaaggag

ctaccctgga

agagattggg

gtactggaag

actgaagaag

ggatgccagt

aggaaagcag

gggctgatgg

ttagaacttt

tgctgaactce

atactgggtt

cattctagga

cattccagaa

ccagaacagt

attcatttte

gcattcecty

cceccactaa

tggttggaag

catgaagcta

cctetaaage

tgctagaggt

atgctaccac

ctcttaaaat

ttaaaacaac

catactgtgt

gtgcgtggta

caccteacge

tttaaggatg

gaagaggegce

gtgggccagg

cgtgagecaca

cagettttec

gagtacgtge

ttceggtgtec

tggcacccec

ttettgttea

tctegecaga

gtggctgtgg

cgcaagaggt

atggcagcag

ctgcttettyg

gctecctttt

ccgageacat

ctggtetgec

caggatgatg

cattctggag

tcttaaatge

aagtctcacc

cttgttagec

cttagttgac

tgtggagcta

tcttgacttt

ggctegtatce

ctgttecagtyg

aatctgtgec

gaccctggte

ctaccagagce

ataaaattcg

agaggcaaca

tgcagcatga

tggtacttec

acccattgec

ttccteectt

tccaatttca

taatctccat

aggctgagtce

ggaaactcaa
ctgtgttgat
aggtgtttgg
accgtgtgtyg
agacgacceg
agcagctgag
agttccaata
tcatgectga
acacctccat
ttgctggeey
atgtcatcag
ttggcatgaa
agttggagga
aaaagtgcca
ccctcaaggyg
ttggcggega
tcaacaccaa
ggcctgetgt
gggagagett
tcattttetg
cattatctgg
cttcagattg
aacctagaat
ctgatgaaat
ctgattggtyg
ccaaatctgt
agatatcata
tgcactgaga
tgaggatgta
tctatcceca
ctttctaaag
ctggaacatg
gactttctge
tttetecctg
ccagacctgg
acagagcata
cgcttttaat
ttcaaaacca

cagagettgt

gtaccaggtyg

gcactaccce

gcetgettect

tgacctgetyg

cctcatcecte

tggctattte

ccgcaaccge

ctcetteaag

gttggtggac

gatcggtggg

ggagtctcgg

accctacacce

attgtatgga

tccaaactct

tctectaggy

ggtgggcttt

gacctgtece

ggagcgacca

tgtgcttgte

gtttggcatyg

aatattgtga

ttaggagtgg

gtcagatttce

ctgctagaaa

attcaaagtg

cagcatctgg

gagacggaga

gggcaaggaa

gagagaacag

tccaggtett

ttacctgtta

gctagecttt

tgggatcctt

cgggccaggce

aagatataac

caacagaggg

tctcatttgt

aggaagcagc

gctectetty
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TABLE 1-continued

22

Exemplary Sequences

3181 attcctggtt tgactcagtt ccaggcctga tcettgectgt ctggctcagg gtcaaagaca
3241 gaatggtgga gtgtagcctce cacctgatat tcaggctact cattcagtcc caaatatgta
3301 ttttecctaag tgtttactat gtgccagttce ctgtaacagg tgtggggaca cagcagtgag
3361 taatcaatac agacaaggtt ctgcccttat ggagctcaca ctccagtggce agacaaacag
3421 accataaata aggaaacgat gaaataagat atatacaagg tgagtgtgac ttcccttcta
3481 acccectetg ctetgtecte cectattgeg ctetcaagac cagagaccca acagcagtga
3541 tctcagggca gacagcecte cactccaget ctgagaccct tttcectcagga cctcectgtagg
3601 cagcagagag agaggacaga ggggtaagat gaggggttga gggaaggttc ttcatgatcce
3661 acactttggg cttagtattt ctcaggaaga gctatggccc agaaacaaca ggggaaacta
3721 gagttcggtce tgacagtcct tggggttaag tctecctgtet tatggtccag aaactcctgt
3781 ttctecttag ttggctggaa actgctccca tcattcecttce tggectcectge tgaatgcagg
3841 gaatgcaatc cttcecectget cttgcagttg ctctgacgta gaaagatcct tegggtgetg
3901 gaagtctcca tgaagagctt gtgtcctgtce ctttettgca gattctattt ccectettet
3961 gctaatacct cttactttge ttgagaatcc tctecctttet tattaattte agtcecttggtg
4021 gttctatcag gggtgcattce tggccaaggg gtgggcctgt gaatcaatcce tgggcaatca
4081 gacaccctet ccttaaaaac tggcccecgtgg agactgagat cactgactcect gactcatccce
4141 cacagctggce tctgacaaga tggtccattt gttectgett ccgagatcce cagggcagcce
4201 tggatccectg cccttcectcaa gactttaget tttectteca tccggtggece tattccagga
4261 attcctettt tgcttaaatc agttggagtt tgtgtcetgtt gcttgtaatc aagectttat
4321 ggctgctggyg ctgagtgaca caagcacttt aatggcctgg agggactttt aatcagtgaa
4381 gatgcaatca gacaagtgtt ttggaaagag caccctcgag aagggtggat gacagggcag
4441 agcaggaagg acaggaagct ggcagaacgg aggaggctge agccgtggte caaccaggag
4501 ctgatggcag ctggggctag gggaagggct ttgagggtgg aaggatggga tgggttccag
4561 aggtattcct ctcttaaatg caagtgccta gattaggtag actttgctta gtattgacaa
4621 ctgcacatga aagttttgca aagggaaaca ggctaaatgc accaagaaag cttcttcaga
4681 gtgaagaatc ttaatgcttg taatttaaac atttgttect ggagttttga tttggtggat
4741 gtgatggttg gttttatttg tcagtttggt tgggctatag cacacagtta tttaatcaaa
4801 cagtaatcta ggtgtggctg tgaaggtatt ttgtagatgt gattaacatc tacaatcagt
4861 tgactttaag tgaaagagat tacttaaata atttgggtga gctgcacctg attagttgaa
4921 aggcctcaag aacaaacact gcagtttcct ggaaaagaag aaactttgcc tcaagactat
4981 agccatcgac tcctgcctga gttteccagece tgctagtcetg ccctatggat ttgaagtttg
5041 ccaaccccaa caattgtgtg aattaatttc taaaaataaa gctatataca gcc

Human COX-1 Protein Sequence (GenBank RefSeq NM 000962)

(SEQ ID NO: 8)
MSRSLLLWFLLFLLLLPPLPVLLADPGAPTPVNPCCYYPCQHQGI CVRFGLDRYQCDCTRTGYSGPNCTIPGLWT

WLRNSLRPSPSFTHFLLTHGRWFWEFVNATFIREMLMRLVLTVRSNLIPSPPTYNSAHDYISWESFSNVSYYTRI
LPSVPKDCPTPMGTKGKKQLPDAQLLARRFLLRRKFIPDPQGTNLMFAFFAQHFTHQF FKTSGKMGPGF TKALGH
GVDLGHIYGDNLERQYQLRLFKDGKLKYQVLDGEMYPPSVEEAPVLMHYPRGI PPQSQMAVGQEVFGLLPGLMLY
ATLWLREHNRVCDLLKAEHPTWGDEQLFQTTRLILIGETIKIVIEEYVQQLSGYFLQLKFDPELLFGVQFQYRNR

IAMEFNHLYHWHPLMPDSFKVGSQEYSYEQFLFNTSMLVDYGVEALVDAFSRQIAGRI GGGRNMDHHILHVAVDV
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TABLE 1-continued
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Exemplary Sequences

IRESREMRLOQPFNEYRKRFGMKPYTSFQELVGEKEMAAELEELYGDIDALEFYPGLLLEKCHPNSIFGESMIEIG

APFSLKGLLGNPICSPEYWKPSTFGGEVGFNIVKTATLKKLVCLNTKTCPYVSFRVPDASQDDGPAVERPSTEL

lsimilarity between mRNA sequences.
Zsimilarity between protein sequences.

II. 5-LTIPOXYGENASE INHIBITORS

The applicant has discovered that inhibiting the activity of
S-lipoxygenase promotes osteogenesis which can be used to
accelerate and/or enhance the healing of a bone fracture, to
treat a bone defect, or to treat by inducing bone formation.
The applicant’s discovery is based on his hypothesis that a
potential mechanism by which loss of COX-2 function could
inhibit fracture healing was by shunting arachidonic acid into
the lipoxygenase pathway with consequent formation of
abnormally high inhibitory 5-HETE, LTB4, or other 5-LO
metabolite levels (FIG. 2). During a normal inflammation
response, such as a fracture, the synthesis of prostaglandins
and leukotrienes is balanced (FIG. 2A). Without being bound
to a theory, the inventor theorizes that inhibiting COX-2 func-
tion shunts arachidonic acid into the lipoxygenase pathway to
produce excess leukotrienes thereby impairing bone forma-
tion (FIG. 2B). Conversely, by inhibiting 5-lipoxygenase
activity, arachidonic acid is shunted into the cyclooxygenase
pathway to produce excess prostaglandins that accelerate or
enhance bone formation (FIG. 2C).

To test this potential mechanism, fracture healing was
assessed in 5-L.O—/- mice. The applicant found that loss of
5-LO function accelerates healing. Radiographic examina-
tion of fracture healing in age-matched mice in the C57BL/6
background showed that fracture bridging occurred by 2
weeks post-fracture in the 5-LO-/- mice as compared to 3
weeks post-fracture in the normal mice (FIG. 3). Further,
callus remodeling was significantly accelerated, thus the
5-LO~/- callus regains its initial structural and material prop-
erties much faster than in normal mice based upon torsional
mechanical testing (FIG. 4 and TABLE 2). Thus, loss of 5-L.O
function accelerates and enhances fracture healing and bone
formation.

Histological examination of calcified samples supported
the radiographic data. Plastic embedded, calcified sections of
normal and 5-LO—-/- mouse fractures stained with Stevenel’s
blue and van Gieson’s picrofuchsin show that after just 2
weeks of healing the fracture was bridged with calcified tissue
in the 5-LO-/- mice while the normal mouse (C57BL/6) still
had a cartilaginous soft callus. Histomorphometric measure-
ments of fracture callus cartilage area showed that cartilage
area peaked by day 7 post-fracture in 5-LO-/- mice and by
day 10 post-fracture in normal mice (FIG. 5 and TABLE 3).
Measurement of new bone (calcified tissue) in the fracture
callus showed that almost twice as much new bone in the
5-LO-/- after 7 days of healing and significantly more new
bone at day 10 as well (FIG. 5 and TABLE 2). These data
show that a normal, albeit significantly accelerated, endoch-
ondral ossification pathway is used to heal the fracture in the
5-LO-/- mice. Experiments using younger and older
5-LO-/- mice and in different genetic backgrounds gave
identical results: loss of 5-LO function results in accelerated
bone regeneration.

The data from these experiments show that a 10 day frac-
ture callus in 5-L.LO-/- mouse is equivalent to a 14 day callus
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in a normal mouse; that a 14 day 5-L.O—/- callus is equivalent
to a 21 day normal callus; and that a 1 month 5-[.O—/- callus
is equivalent to a 3 month normal callus (FIG. 3). Thus, loss
of 5-L.O function accelerates and/or enhances the regenera-
tive and remodeling phases of fracture healing.

In one aspect of the invention, compounds that inhibit
S-lipoxygenase activity accelerate and/or enhance healing of
a bone fracture or prevent bone resorption or promote bone
formation provide important benefits to efforts at treating
human disease. Compounds that inhibit 5-lipoxygenase
activity can be used, e.g., in a method for treating bone frac-
ture due to trauma, or due to osteoporosis or osteoarthritis, in
amethod for treating Paget’s disease, in a method for treating
other conditions such as bone transplants and diseases asso-
ciated with increased bone fracture, and in methods that
require bone formation such as spine fusions, other bone and
joint ankylosis procedures, bone or limb lengthening, aug-
mentation of bone structure, incorporation of allograft,
autograft, or synthetic bone material into bone defects, bone
growth into or around prosthetic devices, and other similar
procedures.

Several inhibitors of 5-lipoxygenase and their dosing are
known which are useful for practicing the methods of the
invention. A 5-lipoxygenase inhibitor can be 3-[1-(4-chlo-
robenzyl)-3-t-butyl-thio-5-isopropylindol-2-y1]-2,2-dimeth-
ylpropanoic acid (MK886) or derivatives thereof; 3-(1-(4-
chlorobenzyl)-3-(1-butyl-thio)-5-(quinolin-2-yl-methoxy)-
indol-2-y1)-2,2-dimethyl propanoic acid) (MK-591) or
derivatives thereof; nordihydroguaiaretic acid (NDGA) or
derivatives thereof; 2-(12-hydroxydodeca-5,10-diynyl)-3,5,
6-trimethyl-1,4-benzoquinone (AA861) or derivatives
thereof; or (N-(1-benzo(b)thien-2-ylethyl)-N-hydroxyurea)
(Zileuton) or derivatives thereof. Derivatives include, e.g.,
pharmaceutically acceptable salts, prodrugs, etc. which also
are useful as 5-lipoxygenase inhibitors. Derivatives of exem-
plary compounds are intended to be within the scope of the
claimed invention.

Other 5-lipoxygenase inhibitors for use in the invention
include masoprocol, tenidap, flobufen, lonapalene, tagoriz-
ine, Abbott A-121798, Abbott A-76745, Abbott A-78773,
Abbott A-79175, Abbott ABT 761, Dainippon AL-3264,
Bayer Bay-x-1005, Biofor BF-389, bunaprolast, Cytomed
CMI-392, Takeda CV-6504, enazadrem phosphate, [.eo Den-
mark ETH-615, flezelastine hydrochloride, Merck Frosst
L-663536, Merckle ML-3000, 3M Pharmaceuticals R-840,
rilopirox, Schering Plough SCH-40120, tepoxalin, linazolast
(TMK-688), Zeneca ZD-2138, Bristol-Myers Squibb
BU-4601A, carbazomycin C, lagunamycin, Wellcome
BW-70C, Ciba-Geigy CGS-26529, Warner-Lambert CI
1004, Warner-Lambert PD-136005, Warner-Lambert
PD-145246, Elsai E-3040, Fujirebio F-1322, Fujisawa
FR-110302, Merck Frosst [.-699333, Merck Frosst
L-739010, Lilly LY-269415, Lilly LY-178002, Hoechst
Roussel P-8892, SmithKline Beecham SB-202235, Ameri-
can Home Products WAY-121520, American Home Products
WAY-125007, Zeneca ZD-7717, Zeneca ZM-216800, Zen-
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eca ZM-230487, 1,2-dihydro-n-(2-thiazolyl)-1-oxopyrrolo
(3,2,1-kl)phenothiazine-1-carboxamide, Abbott A-65260,
Abbott A-69412, Abbott-63162, American Home Products
AHR-5333, Bayer Bay-q-1531, Boehringer Ingelheim BI-L-
357, Boehringer Ingelheim BI-1.-93BS, Boehringer Ingel-
heim BIL 226XX, Bristol-Myers Squibb BMY-30094, car-
bazomycin B, Wellcome BW-B218C, Chauvin CBS-1114,
Ciba-Geigy CGS-21595, Ciba-Geigy CGS-22745, Ciba-
Geigy CGS-23885, Ciba-Geigy CGS 24891, Ciba-Geigy
CGS-8515, Chiesi CHF-1909, Warner-Lambert CI-986,
Warner-Lambert CI-987, cirsiliol, docebenone, Eisai E-5110,
Eisai E-6080, enofelast, epocarbazolin-A, eprovafen, evan-
damine, Fisons FPL 62064, Zeneca ICI-211965, Zeneca ICI-
216800, Kyowa Hakko KF-8940, Merck & Co [.-651392,
Merck & Co L-651896, Merck & Co L-652343, Merck & Co
L-656224, Merck & Co L-670630, Merck & Co L-674636,
Lilly LY-233569, Merck & Co MK-591, Merck & Co
L-655240, nitrosoxacin-A, Ono ONO-5349, Ono ONO-LP-
219, Ono ONO-LP-269, Warner-Lambert PD-127443, Pur-
due Frederick PF-5901, Rhone-Poulenc Rorer Rev-5367,
Rhone-Poulenc Rorer RG-5901-A, Rhone-Poulenc Rorer
RG-6866, Roussel-Uclaf RU-46057, Searle SC-41661A,
Searle SC-45662, Sandoz SDZ-210-610, SmithKline Bee-
cham SK&F-104351, SmithKline Beecham SK&F-104493,
SmithKline Beecham SK&F-105809, Synthelabo SL.-81-
0433, Teijin TEI-8005, Terumo TMK-777, Terumo TMK-
781, Terumo TMK-789, Terumo TMK-919, Terumo TMK-
992, Teikoku Hormone TZI-41127, American Home
Products WAY-120739, American Home Products
WY-47288, American Home Products WY-48252, American
Home Products WY-50295, Yoshitomi Y-19432, 4-{3-[4-(2-
methyl-1H-imidazol-1-yl)phenylthio] } -phenyl-3,4,5, 6-tet-
rahydro-2H-pyran-4-carboxamide, esculetin, phenidone and
its derivatives, BI-[.-239, 5,8,11-eicosatriynoic acid (ETI),
5,8,11,14-eicosatetraynoic acid (ETYA), cinnamyl-3,4-dihy-
droxy-alpha-cyanocinnamate, curcumin, esculeitin, gossy-
pol, caffeic acid, baicalein, 7,7-dimethyleicosadrenoic acid
(DEDA), Ly311727, bromoenol lactone, methyl arachidonyl
fluorophosphonate, methyl y-linolenyl fluorophosphonate,
oleyoxyethyl phosphorylcholine, AACOCF3, n-(p-amylcin-
namoyl) anthranilic acid, mepacrine, quinacrine, atabrine,
parabromophenacylbromide, aristolochic acid, corticoster-
oids, Glaxo SmithKline 480848, Glaxo SmithKline 659032,
Glaxo SmithKline 677116, BMS-181162, MI33, and Millen-
nium Pharmaceuticals MLLN977.

More preferred 5-lipoxygenase inhibitors include maso-
procol, tenidap, zileuton, flobufen, lonapalene, tagorizine,
Abbott A-121798, Abbott A-76745, Abbott A-78773, [(R)(+)
N'-[[5-(4-fluorophenoxy)furan-2-yl]-1-methyl-2-propynyl]-
N-hydroxyurea (Abbott A-79175),] Abbott A-79175, Abbott
ABT 761, Dainippon AL-3264, Bayer Bay-x-1005, Biofor
BF-389, bunaprolast, Cytomed CMI-392, Takeda CV-6504,
Ciba-Geigy CGS-26529, enazadrem phosphate, Leo Den-
mark ETH-615, flezelastine hydrochloride, Merck Frosst L
663536, Merck Frosst L 699333, Merckle ML-3000, 3M
Pharmaceuticals R-840, rilopirox, Schering Plough SCH
40120, tepoxalin, linazolast (TMK-688), Zeneca ZD-7717,
Zeneca ZM-216800, Zeneca ZM-230487, Zeneca ZD-2138;
and NDGA (nondihydroguaiaretic acid).

Even more preferred 5-lipoxygenase inhibitors include
tenidap, zileuton, flobufen, lonapalene, tagorizine, AA-861,
Abbott A-121798, Abbott A-76745, Abbott A-78773, Abbott
A-79175, Abbott ABT 761, Ciba-Geigy CGS-26529, Biofor
BF-389, Cytomed CMI-392, L.eo Denmark ETH-615, lona-
palene, Merck Frosst L. 699333, Merckle ML-3000, 3M Phar-
maceuticals R-840, linazolast (TMK-688), Zeneca ZD-7717,
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Zeneca ZM-216800, Zeneca ZM-230487, Zeneca ZD-2138,
and NDGA (nondihydroguaiaretic acid).

In another aspect, the invention comprises a 5-L.O inhibitor
and a COX inhibitor and its use. Preferably, the COX inhibitor
is a selective COX-1 inhibitor, i.e., that it inhibits the activity
of COX-1 more than it inhibits the activity of COX-2. The use
of a 5-LO inhibitor and a COX inhibitor is intended to
embrace administration of each inhibitor in a sequential man-
ner in a regimen that will provide beneficial effects of the drug
combination, the co-administration of the inhibitors in a sub-
stantially simultaneous manner, such as in a single capsule
having a fixed ratio of these active agents, or in multiple,
separate capsules for each agent, as well as a single com-
pound that inhibits both enzymes.

The COX inhibitor can be selected from the group consist-
ing of celecoxib; rofecoxib; meloxicam; piroxicam; valde-
coxib, parecoxib, etoricoxib, CS-502, JTE-522; [.-745,337;
FR122047; NS398; from non-selective NSAIDs that would
include aspirin, ibuprofen, indomethacin CAY10404,
diclofenac, ketoprofen, naproxen, ketorolac, phenylbuta-
zone, tolfenamic acid, sulindac, and others, or from steroids
or corticosteroids. Compounds which selectively inhibit
cyclooxygenase-2 have been described in U.S. Pat. Nos.
5,380,738, 5,344,991, 5,393,790, 5,466,823, 5,434,178,
5,474,995, 5,510,368 and WO documents WO96/06840,
W096/03388, WO96/03387, W(O95/15316, W0O94/15932,
W094/27980, WO95/00501, W(O94/13635, W(94/20480,
and W094/26731, and are otherwise known to those of skill
in the art.

Selective COX-1 inhibitors are known in the art. The fol-
lowing is a list of preferred COX-1 selective NSAIDs:
SC-560 [Smith et al., Proceedings of the National Academy
of Sciences of the United States of America 95:13313-8
(1998)], FR122047 [Dohi et al., European Journal of Phar-
macology 243:179-84 (1993)], Valeroyl salicylate, Aspirin.
Aspirin is an irreversible cyclooxygenase inhibitor that is
rapidly inactivated in vivo. While aspirin can inhibit COX-1
and COX-2, prior treatment with aspirin can inactivate all
pre-existing COX-1 before or during expression of COX-2.
Thus any new COX-2 that is expressed is active but all “older”
COX-1 or COX-2 is inactivated.

The following is a list of NS AIDs that preferentially inhibit
COX-1 versus COX-2: Dexketoprofene, Keterolac, Flurbi-
profen, Suprofen. See also [Warner et al., Proceedings of the
National Academy of Sciences of the United States of
America 96:7563-8 (1999)].

In another embodiment, the invention comprises a 5-L.O
inhibitor and a COX-2 activator and its use. COX-2 activators
also are known in the art. See [Tanabe and Tohnai, Prostag-
landins & other Lipid Mediators 68-69:95-114 (20020] for
review article concerning regulation of COX-2 gene expres-
sion and as a reference for those compounds or treatments
listed below without a reference. Preferred COX-2 activators
include ultrasound therapy [Sena et al., Ultrasound in Medi-
cine & Biology 31:703-8 (2005)], pulsed electromagnetic
fields (PEMF) [Lohmann et al., Journal of Orthopaedic
Research 21:326-34 (2003)], BMP2 [Chikazu et al., Journal
of Bone and Mineral Research 17:1430-40 (2002)], PDGF,
FGF, and PTH and its analogs (PTHrP and teraparatide) [Ma-
ciel et al., Journal of Rheumatology 24:2429-35 (1997)].
Other COX-2 activators include Prostaglandins and prostag-
landin receptor agonists [Rosch et al., Biochemical and Bio-
physical Research Communications 338:1171-8 (20050],
PDGF (platelet derived growth factor), IL-1alpha (interleu-
kin 1 alpha), IL-1beta, TNF-alpha (tumor necrosis factor
alpha), FGF (fibroblast growth factor), TGF-beta (transform-
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ing growth factor beta), TGF-alpha, EGF (epidermal growth
factor), TPA (tetradecanoyl phorbol acetate),

In addition, the invention comprises a combination com-
prising a therapeutically-eftective amount of a 5-lipoxyge-
nase inhibitor and a cyclooxygenase-2 inhibitor, such as, e.g.,
licofelone, Dupont Dup 697, Taisho NS-398, meloxicam,
flosulide, Glaxo SmithKline 406381, Glaxo SmithKline
644784, or tepoxalin.

The modulation of bone metabolism by the methods of the
invention can be determined by examination of bone strength
and mass after administration compared to a control subject.
Such examination can be performed in situ by using imaging
techniques (e.g., X-ray, nuclear magnetic resonance imaging,
X-ray tomography, ultrasound, and sound conduction) or
stress testing, or ex vivo by standard histological, radio-
graphic, mechanical, or biochemical methods. Modulation of
bone density and/or bone mass can be assessed by changes in
one or more parameters such as bone mineral density, bone
strength, trabecular number, bone size, and bone tissue con-
nectivity. Several methods for determining bone mineral den-
sity (BMD) are known in the art. For example, BMD mea-
surements may be done using, e.g., dual energy xray
absorptiometry or quantitative computed tomography, and
the like. Similarly, increased bone formation can be deter-
mined using methods well known in the art. For example,
dynamic measurements of bone formation rate (BFR) can be
performed on tetracycline labeled cancellous bone from the
lumbar spine and distal femur metaphysis using quantitative
digitized morphometry (Ling et al., Endocrinology 140:
5780-5788 (1999)). Alternatively, bone formation markers,
such as alkaline phosphatase activity, serum collagen peptide
levels, or serum osteocalcin levels can be assessed to indi-
rectly determine whether increased bone formation has
occurred (Looker et al., Osteoporosis International 11: 467-
480 (2000)). Compounds that modulate an arachidonic acid
metabolic or signaling pathway can be tested for their ability
to accelerate or enhance fracture healing and/or bone forma-
tion, promote bone formation, and prevent bone loss. This can
be tested in a variety of animal models well known to one
skilled in the art such as animal fracture models, animal
osteotomy models, animal skull trephine defect models, ani-
mal bone defect models, various animals segmental defect
models and bone lengthening models, ovariectomy induced
bone loss models, and the like. The utility of these animal
models is well established and is supported by a wide range of
different observations. For example, BMP2 studies in ani-
mals including rats demonstrated that BMP2 stimulates
osteogenesis and BMP2 is now used clinically in humans for
bone repair applications (tradename INFUSE). There are
hundreds of papers about this in animals and tens of papers
about humans; NSAIDs inhibit fracture repair in rats [ Simon
et al., Cyclooxygenase 2 function is essential for bone frac-
ture healing. Journal of Bone and Mineral Research 17:963-
76 (2002)] and NSAID use has been correlated to poor frac-
ture healing in humans [Burd et al., Journal of Bone and Joint
Surgery (British) 85B:700-5 (2003)]; studies cited in Rubin et
al. (2001), JBJS 83(2):259-270 indicating that ultrasound
treatment accelerates fracture repair in rats (Azuma ref.) and
in humans. FDA guidelines for osteoporosis therapies indi-
cate that preclinical studies require use of 2 species and that
one must be an ovariectomized rat model.

Modulation of bone metabolism by the methods of the
invention can be determined in vitro by examining the pro-
liferation, survival, and differentiation of osteoblasts and/or
chondrocytes following treatment that alters arachidonic acid
metabolism as compared to mock treated cells. Treatment of
cells or organ explants such as newborn rodent calvaria or
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phalanges can be with compounds that inhibit 5-lipoxygenase
activity, alter cyclooxygenase activity, affect leukotriene or
prostaglandin receptor function, and the like as set forth in
this application. Additional treatment methods can include
use of antisense nucleic acids, interfering RNAs, other
nucleic acid or proteins, and the like. Osteoblast or chondro-
cyte proliferation and survival can be measured by a number
of'techniques well known to one skilled in the arts such as cell
counting, incorporation of radiolabeled thymidine or bro-
modeoxyuridine into replicating DNA, trypan blue exclu-
sion, and terminal deoxynucleotidyl transferase end labeling
of DNA within cells undergoing apoptosis. Differentiation of
osteoblasts and/or chondrocytes can be measured by a num-
ber of techniques well known to one skilled in the arts and
would include formation of mineralized nodules stained by
the method of von Kossa or with alizarin red to ascertain
osteoblast or chondrocyte culture mineralization, alcian blue
staining of chondrocytes to measure elaboration of proteogly-
can matrix, gene expression analyses to measure markers of
osteoblast and chondrocyte differentiation such as Type 1,
Type 11, and Type X collagen, osteocalcin, and aggrecan using
protein or nucleic acid based assay methods, measurement of
alkaline phosphatase activity, and measurement of RANKL,
OPG, VEGF, bone morphogenetic protein, and other growth
factors by quantitative methods such as enzyme-linked
immuno assays (EIA).

5-Lipoxygenase-Activating Protein (FLAP)

FLAP is an 18-kD membrane-bound polypeptide which
specifically binds arachidonic acid and activates 5-LO by
acting as an arachidonic acid transfer protein. The FLAP gene
spans greater than 31 kb and consists of five small exons and
four large exons (GenBank 182657, Genbank M60470 for
exon 1, Genbank M63259 for exon 2, Genbank M63260 for
exon 3, Genbank M63261 for exon 4, and Genbank M6322
for exon 5).

The nuclear envelope is the intracellular site at which 5-L.O
and FLLAP act to metabolize arachidonic acid, and ionophore
activation of neutrophils and monocytes results in the trans-
location of 5-LO from a nonsedimentable location to the
nuclear envelope. Inhibitors of FLAP function prevent trans-
location of 5-LO from cytosol to the membrane and inhibit
5-LO activation. Thus, FLAP inhibitors are anti-inflamma-
tory drug candidates.

Leukotriene synthesis is reduced by drugs that inhibit
FLAP (MK866) or in mice lacking FLAP. Thus, in one aspect
of the invention, FLAP inhibitors such as BAYx 1005,
MK-886, and MK-0591, are used in methods that modulate
an arachidonic acid metabolic or signaling pathway thereby
accelerating and/or enhancing fracture healing and bone for-
mation.

Antisense Treatment

The term “antisense nucleic acid” is intended to refer to an
oligonucleotide complementary to the base sequences of
5-LO or FLAP-encoding DNA and RNA or those that encode
other proteins in an arachidonic acid metabolic or signaling
pathway. Antisense oligonucleotides can be modified or
unmodified RNA, DNA, or mixed polymer oligonucleotides,
and, when introduced into a target cell, specifically bind to
their target nucleic acid and interfere with transcription, RNA
processing, transport and/or translation. Targeting double-
stranded (ds) DNA with oligonucleotide leads to triple-helix
formation; targeting RNA will lead to double-helix forma-
tion.

Antisense constructs can be designed to bind to the pro-
moter and other control regions, exons, introns or even exon-
intron boundaries of a gene. Antisense RNA constructs, or
DNA encoding such antisense RNAs, can be employed to
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inhibit gene transcription or translation or both within a host
cell, either in vitro or in vivo, such as within a host animal,
including a human subject. Nucleic acid sequences compris-
ing “complementary nucleotides” are those which are
capable of base-pairing according to the standard Watson-
Crick complementarity rules, where guanine pairs with
cytosine (G:C) and adenine pairs with either thymine (A:T) in
the case of DNA, or adenine pairs withuracil (A:U) in the case
of RNA.

While all or part of the gene sequence may be employed in
the context of antisense construction, preferably any
sequence 17 bases long can be used to specify a unique target
sequence. Although shorter oligomers are easier to make and
increase in vivo accessibility, numerous other factors are
involved in determining the specificity of hybridization. The
antisense oligonucleotide is selected such that the binding
affinity and sequence specificity to its complementary target
is sufficient for use as therapeutic agents. Thus, oligonucle-
otides 0f 8, 9, 10, 11, 12, 13, 14, 15, 16,17, 18, 19, 20, 21, 22
or more base pairs can be used. One can readily determine
whether a given antisense nucleic acid is effective at targeting
of the corresponding host cell gene simply by testing the
constructs in vitro to determine whether the endogenous
gene’s function is affected or whether the expression of
related genes having complementary sequences is affected.
Interfering RNA

Interfering RNA (RNA1) fragments, particularly double-
stranded (ds) RNAI, can be used to modulate an arachidonic
acid metabolism or signaling pathway. Small interfering
RNA (siRNA) are typically 19-25 nucleotide-long RNA mol-
ecules that interfere with the expression of genes. Methods
relating to the use of RNAI to silence genes in C. elegans,
Drosophila, plants, and humans are known in the art (Fire et
al., Nature 391: 806-811 (1998); Sharp, P. A. RNA interfer-
ence 2001. Genes Dev. 15: 485-490 (2001); Tuschl, T. Chem.
Biochem. 2: 239-245 (2001); WO0129058; and
W09932619).

The nucleotide sequence employed RNAi comprises
sequences that are at least about 15 to 50 basepairs. The
sequence can be a duplex, optionally with overhangs at the
5'-end and/or the 3'-end, where one strand of the duplex
comprises a nucleic acid sequence of at least 15 contiguous
bases having a nucleic acid sequence of a nucleic acid mol-
ecule within an arachidonic acid metabolic or signaling path-
way. The length of each strand can be longer where desired,
suchas 19,20,21, 22,23, 24,25, or 30 nucleotides orup to the
full length of any of those described herein. The single-
stranded overhang can be, for example, 1, 2, 3, 4, 5, or 10
nucleotides long, and can be present at the 3'-end, the 5' end,
or both the 3'-end and the 5'-end. Such fragments can be
readily prepared by directly synthesizing the fragment by
chemical synthesis, by application of nucleic acid amplifica-
tion technology, or by introducing selected sequences into
recombinant vectors for recombinant production.

In particular, the nucleotide sequences or RNAi can be
oligonucleotides complementary to the base sequences of
5-LO or FLAP-encoding DNA and RNA or to the base
sequences encoding other proteins in an arachidonic acid
metabolism or signaling pathway. The oligonucleotides can
be modified or unmodified RNA, DNA, or mixed polymer
oligonucleotides, and, when introduced into a target cell,
specifically bind to their target nucleic acid and interfere with
transcription, RNA processing, transport and/or translation.
Other Agents

In another aspect of the invention, an additional agent or
drug may be administered to the subject. The additional agent
can contain one or more active agents that effectively regulate
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calcium homeostatis, modulate chondrogenesis, modulate
osteogenesis, modulate bone remodeling, regulate pain, regu-
late inflammation, or have antibiotic activity. The additional
active agent can be, but is not limited to, an estrogen, an IGF,
insulin, bone morphogenetic proteins and other growth fac-
tors, osteoprotegrin (OPG), a calcitonin, a bisphosphonate,
vitamin D; or an analogue thereof, a statin, an adrogen, a
fluoride salt, a parathyroid hormone or an analogue thereof,
agents that enhance angiogenesis such as vascular endothelial
growth factor (VEGF), agents that alter regulation of tran-
scription of naturally occurring hormone regulators involved
in bone metabolism, a vitamin, a mineral supplement, a nutri-
tional supplement, and combinations thereof. The additional
agent also may be an antibiotic such as gentamycin, ciprof-
loxacin, vancomycin, and/or others. This additional active
agent can be administered to the subject prior to, concurrently
with or subsequently to administration of the 5-lipoxygenase
inhibitor of this invention. Anti-inflammatory drugs, includ-
ing but not limited to nonsteroidal anti-inflammatory drugs
and corticosteroids, p38 kinase inhibitors, and antiviral drugs,
including but not limited to ribivirin, vidarabine, acyclovir
and ganciclovir, may also be combined in compositions of the
invention. Antibiotic compounds including but not limited to
gentamicin, teicoplanin, tobramycin, and vancomycin, may
also be combined in the composition of the invention.

1II. PHARMACEUTICAL FORMULATIONS AND
MODES OF ADMINISTRATION

The methods described herein use pharmaceutical compo-
sitions comprising the molecules described above, together
with one or more pharmaceutically acceptable excipients or
vehicles, and optionally other therapeutic and/or prophylactic
ingredients. Such excipients include liquids such as water,
saline, glycerol, polyethyleneglycol, hyaluronic acid, etha-
nol, cyclodextrins, modified cyclodextrins (i.e., sulfobutyl
ether cyclodextrins) etc. Suitable excipients for non-liquid
formulations are also known to those of skill in the art. Phar-
maceutically acceptable salts can be used in the compositions
of the present invention and include, for example, mineral
acid salts such as hydrochlorides, hydrobromides, phos-
phates, sulfates, and the like; and the salts of organic acids
such as acetates, propionates, malonates, benzoates, and the
like. A thorough discussion of pharmaceutically acceptable
excipients and salts is available in Remington s Pharmaceu-
tical Sciences, 18th Edition (Easton, Pa.: Mack Publishing
Company, 1990).

Additionally, auxiliary substances, such as wetting or
emulsifying agents, biological buffering substances, surfac-
tants, and the like, may be present in such vehicles. A bio-
logical buffer can be virtually any solution which is pharma-
cologically acceptable and which provides the formulation
with the desired pH, i.e., a pH in the physiologically accept-
ablerange. Examples of buffer solutions include saline, phos-
phate buffered saline, Tris buffered saline, Hank’s buffered
saline, and the like.

Depending on the intended mode of administration, the
pharmaceutical compositions may be in the form of solid,
semi-solid or liquid dosage forms, such as, for example, tab-
lets, suppositories, pills, capsules, powders, liquids, suspen-
sions, creams, ointments, lotions or the like, preferably in unit
dosage form suitable for single administration of a precise
dosage. The compositions will include an effective amount of
the selected drug in combination with a pharmaceutically
acceptable carrier and, in addition, may include other phar-
maceutical agents, adjuvants, diluents, buffers, etc.
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The invention includes a pharmaceutical composition
comprising a compound of the present invention including
isomers, racemic or non-racemic mixtures of isomers, or
pharmaceutically acceptable salts or solvates thereof together
with one or more pharmaceutically acceptable carriers, and
optionally other therapeutic and/or prophylactic ingredients.

In general, compounds of this invention will be adminis-
tered as pharmaceutical formulations including those suitable
for oral (including buccal and sub-lingual), rectal, nasal, topi-
cal, pulmonary, vaginal or parenteral (including intramuscu-
lar, intraarterial, intrathecal, subcutaneous and intravenous)
administration, in a form suitable for administration by inha-
lation or insufflation, or in a form suitable for administration
at the bone formation site. The preferred manner of adminis-
tration is oral or intravenous using a convenient daily dosage
regimen which can be adjusted according to the degree of
affliction.

Formulations for delivery at the bone formation site
include adsorption onto or encapsulation within polylactide
and/or polygalactide polymers, palmitic acid, alginate, plas-
ter, calcium sulfate, calcium phosphate, mixtures of calcium
sulfate and calcium phosphate, hydroxyapatite, collagen or
other extracellular matrix material, bone wax (such as that
from CP Medical, Inc., Ethicon, Inc., Unites States Surgical
Corp., or Ceremed), Orthocon Bone Putty (a mixture of cal-
cium stearate, vitamin E acetate, and alkylene oxide copoly-
mer) or other materials or compounds that can be used for this
purpose. Delivery can be accomplished by direct placement
at the bone formation site or by deposition of the active
compound of the invention with or without a carrier onto the
surface of prosthetic or surgically implanted devices.

A pharmaceutically or therapeutically effective amount of
the composition is delivered to the subject. The precise effec-
tive amount varies from subject to subject and depends upon
the species, age, the subject’s size and health, the nature and
extent of the condition being treated, recommendations of the
treating physician, and the therapeutics or combination of
therapeutics selected for administration. Thus, the effective
amount for a given situation can be determined by routine
experimentation. For purposes of the present invention, gen-
erally a therapeutic amount will be in the range of about 0.05
mg/kg to about 40 mg/kg body weight, more preferably about
0.5 mg/kg to about 20 mg/kg, in at least one dose. In larger
mammals the indicated daily dosage can be from about 1 mg
to 4,800 mg, one or more times per day, more preferably in the
range of about 10 mg to 1,200 mg. The subject may be
administered as many doses as is required to reduce and/or
alleviate the signs, symptoms, or causes of the disorder in
question, or bring about any other desired alteration of a
biological system. One of ordinary skill in the art of treating
such diseases will be able, without undue experimentation
and in reliance upon personal knowledge and the disclosure
of this application, to ascertain a therapeutically effective
amount of the compounds of this invention for a given dis-
ease. When practicing the methods of the invention starting
human doses may need to be estimated from rat dose data.
Such estimation methods are well known in the art. See FDA
publication “Guidance for Industry: Estimating the Maxi-
mum Safe Starting Dose in Initial Clinical Trials for Thera-
peutics in Adult Healthy Volunteers™ published July 2005
(Federal Register Document 5-14456) and available online at
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www.tda.gov/Cder/guidance/554 1fnl.pdf. In general, the rat
dose expressed as mg/kg should be divided by 6.2 to obtain an
equivalent human dose.

When desired, formulations can be prepared with enteric
coatings adapted for sustained or controlled release adminis-
tration of the active ingredient.

The pharmaceutical preparations are preferably in unit
dosage forms. In such form, the preparation is subdivided into
unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged prepa-
ration, the package containing discrete quantities of prepara-
tion, such as packeted tablets, capsules, and powders in vials
or ampoules. Also, the unit dosage form can be a capsule,
tablet, cachet, or lozenge itself, or it can be the appropriate
number of any of these in packaged form.

IV. EXPERIMENTAL

Below are examples of specific embodiments for carrying
out the present invention. The examples are oftered for illus-
trative purposes only, and are not intended to limit the scope
of the present invention in any way.

Efforts have been made to ensure accuracy with respect to
numbers used (e.g., amounts, temperatures, etc.), but some
experimental error and deviation should, of course, be
allowed for.

Example 1
5-L.O Knock Out Mice

Knock out mice lacking 5-lipoxygenase (Alox5-/- or
5-LO-/-) were purchased from Jackson Laboratory, Bar Har-
bor, Me. An impending femur fracture was stabilized with an
intramedullary wire that was inserted retrograde into the
femoral canal. A three-point bending device was used to make
the fracture. Femur fracture healing was measured or
assessed by histomorphometry, radiography, and torsional
mechanic testing. The 5-LO-/- mice demonstrated statisti-
cally significant, quantitative acceleration and enhancement
of fracture healing as compared to wild-type mice of identical
genetic background and age (C57BL/6). Closed mid-diaphy-
seal fractures were made in 10-12 week old female mice.
Fracture healing was assessed by x-rays (FIG. 3) and quanti-
tatively assessed by torsional mechanical testing 4 and 12
weeks after fracture (FIG. 4 and TABLE 2). After 4 or 12
weeks of healing, the fractured femurs from SLO-/- and wild
type (WT) mice were excised and mechanically tested to
failure in torsion using an MTS servohydraulic test machine
and Interface 20 Nm torque load cell. Fractured femur dimen-
sions were measured before and after testing. Peak torque,
rigidity, maximum shear stress, and shear modulus were cal-
culated from callus dimensions and the torque to angular
displacement curves. All mechanical parameters were
50-120% higher after 4 weeks of healing in the 5-LO-/- as
compared to the WT mice. Histomorphometric analysis of
time-staged fracture specimens from normal and 5-LO-/-
mice showed that cartilage area peaked early and to a greater
extent in the 5-LO-/- mice (FIG. 5 and TABLE 3). Further,
significantly more new bone (mineralized tissue) was present
in the 5-L.O—/- fracture callus at 7 and 10 days after fracture.
The data demonstrate that fracture healing is accelerated and
enhanced in the SLO-KO mice.
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TABLE 2
Summary of fractured femur torsional mechanical testing data from 5-LO-/- and
wild-type mice of identical genetic background and age at time of fracture (Fx).
Mean Percentages (Fracture/Contralateral) + SD
Sample  Days Peak Max. Shear Shear
Strain Size  Post-Fx Torque Rigidity Stress Modulus
C57BL/6 9 28 853167 61.9+31.3 18254 7.8+x4.4
C57BL/6 6 84 77.8£20.1 110.6 £19.1 262x=12.8 259x134
Lox5-/- 8 28 128.5+30.3 1099 +374 31.8+9.0 174 +11.1
Lox5-/- 8 84 1314 +£26.0 95.8x37.8 498=+16.9 23.2x13.2
TABLE 3
Summary of fracture callus histomorphometric analysis from 5-LO-/- and wild-type
mice of identical genetic background and age at time of fracture.
Percent Cartilage Percent Mineralized Tissue
(mean = S.D.) (mean = S.D.)
Time Point Wild-Type 5-LO-/- Pvalue Wild-Type 5-LO-/- P value
7 days 7.84 £1.31 30.84 £3.46 <0.001 12.89 £3.76 24.56 +3.33 <0.001
10 days 20.16 £ 6.13 14.46 +7.53 0.226 35.49 £9.67 47.57 +2.86 0.028
14 days 3.63 = 1.37 2.73 £3.71 0.625 44.66 £7.14 51.46 +5.38 0.127
21 days 00 00 1.000 77.26 £6.26 75.72 £2.55 0.624
The serial x-rays (FIG. 3) show that fracture healing is 30 Example 2

accelerated in the SLO-/- mice as compared to wild type
mice (C57BL/6). More specifically, the 10 day old fracture
from the S.O-/- mouse appears to be at similar stage as the
14 day old fracture from the wild type mouse, the 14 day
SLO-/- fracture is similar to the 21 day wild type fracture,
and the 1 month 5LO-/- fracture is similar to a 3 month old
wild type fracture. The mechanical testing data show quanti-
tatively that the structural and material properties of the
5-LO-/- fracture callus were statistically significantly better
than the controls after 4 weeks of healing with a 50% increase
in peak torque, a 75% increase in rigidity, a 75% increase in
maximum shear stress, and over a 100% increase in shear
modulus. Further, the 4 week mechanical testing parameters
from the 5SLLO-/— mice were similar to those from the 12 week
wild type mice, supporting the x-ray data of FIG. 3 and
demonstrating that fracture healing was accelerated and
enhanced in the SL.LO—/— mice. After 12 week of healing, the
rigidity and shear modulus of the wild-type fracture callus
had caught-up with the 5-LO-/- fracture callus. Histomor-
phometric measurements of time-staged fracture callus speci-
mens from the 5-L.O-/- and WT mice support the mechanical
and radiographic observations (FIG. 5 and TABLE 2). Callus
cartilage area peaked by day 7 post-fracture in the 5-L.O—/-
mice but not until day 10 in the WT mice. There was almost
4-times more cartilage present in the 5-LO-/- callus at day 7
as compared to that from the WT mice. Concurrently, more
new bone formation also occurred in the 5-LO-/- mice with
almost twice as much new bone (mineralized tissue) present
atday 7 and 30% more new bone at day 10 as compared to the
WT mice. The data is thus consistent with fracture healing
occurring faster and producing more mechanically sound
fracture callus with enhanced structural and material proper-
ties in the 5-LO—/- mice than in normal mice.

COX-2 Knockout Mice

Fracture healing was assayed in mice with a targeted dele-
35 tion of the COX-2 gene. Closed, mid-diaphyseal femur frac-
tures were made in the right hindlimb of COX-2 knockout,
COX-1 knockout, and wild type mice (not shown). Fracture
healing was assessed by x-rays and histology (FIG. 6), and by
mechanical testing (not shown). The data show that fracture
40 healing was dramatically impaired in the COX-2 knockout
mice, but not the COX-1 knockout or wild type mice. X-rays
after 14 days of healing show a large mineralized fracture
callus in the COX-1 knockout mouse (FIG. 6) with little or no
evident mineralized callus in the COX-2 knockout mouse.
45 Histological examination confirmed the x-ray findings in that
the COX-2 knockout callus had a significant amount of car-
tilage but no new bone was evident. Torsional mechanical
testing data shows that fracture callus structural and material
properties are statistically significantly worse than COX-1
50 knockout or wild type mice. When combined with the experi-
mental results of example 1, example 3, and example 4 this
demonstrates how arachidonic acid metabolic or signaling
can be manipulated according to the methods of the invention
to affect bone formation.
55
Example 3

Treatment of Rats with a 5-Lipoxygenase Inhibitor

60  Sprague-Dawley rats (3 months old) underwent a standard
closed femur fracture procedure as described in the art (Si-
mon et al. Journal of Bone and Mineral Research, 17(6):
963-976 (2002); Bonnarens and Einhorn, Production of a
standard closed fracture in laboratory animal bone. Journal

65 of Orthopaedic Research, 2: 97-101 (1984)). The impending
fracture was stabilized with an intramedullary stainless steel
pin. Beginning 4 hours after fracture the rats were treated with
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30 mg/kg of NDGA (nordihydrogaiaretic acid) in 1% meth-
ylcellulose (5-lipoxygenase inhibitor treatment group) or
with carrier only (1% methylcellulose). The day after surgery
and continuing until day 14 post-fracture, experimental rats
were treated with 2 doses of NDGA (30 mg/kg), the first dose
between 8-10 AM and then again with another NDGA dose
8-10 hours later. Control rats were treated similarly but with
carrier only (1% methylcellulose). Three weeks after frac-
ture, the rats were sacrificed, the fractured femurs were har-
vested, and high resolution radiographs were made of the
fractured femurs using a Packard Faxitron and Kodak
MinR2000 mammography film. Two representative radio-
graphs are shown in FIG. 7 for each treatment group: control
and 5-lipoxygenase (5-LO) inhibitor treated.

The radiographs show that after 3 weeks the fractured
femurs of the 5-LO inhibitor treated rats were bridged with
new bone. In contrast, a well-formed, mineralized fracture
callus has formed in the control rats but the fracture site had
notyet bridged with new bone. In rat C, the fracture is bridged
with new bone on the medial (top) and lateral (bottom) sides
of'the fracture callus. Inrat D, the fracture is bridged with new
bone on the lateral side (bottom) and shows indications of
new bone bridging on the medial side. No new bone bridging
is evident in the control rats (rats A and B). The data thus
demonstrates that 5-LO inhibitor therapy can accelerate the
fracture healing process in young, normal rats.

Example 4
Treatment of Rats with 5-Lipoxygenase Inhibitors

Sprague-Dawley rats (3 months old) underwent a standard
closed femur fracture procedure as described in the art (Si-
mon et al. Journal of Bone and Mineral Research, 17(6):
963-976 (2002); Bonnarens and Einhorn, Production of a
standard closed fracture in laboratory animal bone. Journal
of Orthopaedic Research, 2: 97-101 (1984)). The impending
fracture was stabilized with an intramedullary stainless steel
pin. Beginning 4 hours after fracture the rats were treated with
vehicle (1% methylcellulose) or inhibitors of 5-LO sus-
pended in 1% methylcellulose Inhibitor A (NDGA) was
administered at 30 mg/kg and Inhibitor B (AA-861) was
administered at 5 mg/kg. The day after surgery and continu-
ing until day 21 post-fracture, experimental rats were treated
with 2 doses of inhibitor (either A or B), the first dose between
8-LOAM and then again with another dose 8-10 hours later.
Control rats were treated similarly but with carrier only (1%
methylcellulose). Three weeks after fracture the rats were
anesthetized and high resolution radiographs were made of
the fractured femurs using a Packard Faxitron and Kodak
MinR2000 mammography film (FIGS. 8A, 8B, and 8C). Five
weeks after fracture the rats were sacrificed, femurs resected,
and assayed for structural mechanical properties by torsional
mechanical testing (FIG. 8D).

The radiographs showed that after 3 weeks of healing, the
fractures appeared bridged in the 5-L.O inhibitor treated rats
but not in the vehicle treated rat.

Torsional mechanical testing was used to measure the peak
torque sustained by each femur after 5 weeks of healing. The
data show that the femurs from the Inhibitor A (NDGA)
treated rats and from the Inhibitor B treated rats had 22% and
53% greater peak torque than vehicle treated rats (FIG. 8D).
In addition, all of the femurs from the Inhibitor A or B treated
rats failed as boney unions while 13% (2 of 15) of the femurs
from the vehicle treated rats failed as non-unions with no
apparent bone bridging.
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These experimental observations demonstrate that 5-L.O
inhibition therapy can accelerate (faster bone bridging) and
enhance (better mechanical properties) fracture healing.

Example 5

Ex Vivo Treatment Methods Using Small Molecule
Compounds, RNAi, and Antisense Compounds

Methods to promote ex vivo osteogenesis are used, e.g., to
aid in healing of recalcitrant bone fractures, segmental
defects caused by traumatic injuries or pathological resection
of'bone segments, or for joint arthrodesis. In these instances,
precursor bone cells are isolated from a subject or from a
suitable donor and are cultured ex vivo using standard meth-
ods. The cells are grown in or seeded into an appropriate
scaffold that either represents the segment of missing bone or
can be molded to fit the missing segment or juxtapose the ends
of'the bone. The cells are induced to form bone ex vivo using
appropriate cell culture conditions or with inductive factors,
such as bone morphogenetic protein-2 (BMP-2). Once the
cells have begun to elaborate a new bone matrix, the construct
can be implanted into the patient to effect osteogenesis and
promote healing. This sequence of events is typically referred
to as a tissue engineering approach to enhancing osteogen-
esis.

Inhibition of 5-lipoxygenase (5-L.O) can be used to pro-
mote ex vivo bone formation for tissue engineering applica-
tion. This is accomplished by promoting osteogenesis ex vivo
with small molecule inhibitors of 5-LO or FLAP alone or in
combination with well known inductive agents, such as BMP-
2.

A second approach uses RNAi technology to inhibit 5-L.LO
activity and promote ex vivo osteogenesis. This is accom-
plished by transfecting the cultured precursor skeletal cells
with pools of siRNA sequences using commercially available
transfection reagents, such as TransIT-TKO or jetSI.
Approximately 1 million cells are transfected with a cocktail
of'3 siRNAs specific for 5-LO or FLAP using 50-200 pmoles
of each siRNA. Alternatively, a pool of siRNAs that target
5-LO and FLAP is used. As a control, cells are transfected
similarly with commercially available siRNAs developed to
knock-down enhanced green fluorescent protein (EGFP).
Knock-down of 5-L.O or FLAP is confirmed by western blot
analysis and the results quantified to insure a greater than 80%
reduction in 5-L.O and/or FLAP expression.

The treated precursor skeletal cells are cultured and osteo-
genesis is assessed as extracellular matrix production of car-
tilage or bone matrix using measures such as alcian blue or
alizarin red binding as appropriate or measures of specific
matrix protein. Knock-down of 5-LO or FLAP promotes
osteogenesis based upon enhanced calcified matrix deposi-
tion measured by alizarin red binding. This indicates that an
RNAI or anti-sense approach to inhibiting 5-LO activity is
useful for promoting osteogenesis ex vivo for purposes of
tissue engineering.

Pools of siRNA pairs for 5-L.O can be chosen, e.g., from
POOL-A (5'-AAC TGG GCG AGA TCCAGC TGG-3' (SEQ
IDNO: 9),5'-AAG CTC CCG GTGACC ACG GAG-3' (SEQ
ID NO: 10), 5'-AAG GAA GCC ATG GCC CGA TTC-3")
(SEQIDNO: 11), POOL-B (5'-AAT CGA GAA GCG CAA
GTA CTG-3' (SEQ ID NO: 12), 5-AAG GAG TGG ACT
TTG TTC TGA-3' (SEQ ID NO: 13), 5-AAC TTC GGC
CAG TAC GAC TGG-3") (SEQ ID NO: 14), or POOL-C
(5'-AAG TTG GCC CGA GAT GAC CAA-3' (SEQ ID NO:
15), 5'-AAC ACA TCT GGT GTC TGA GGT-3' (SEQ ID
NO: 16), 5'-AAC CAT GCG AGC CCC GCC ACC-3") (SEQ
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ID NO: 17). Pools of siRNA pairs for FLAP can be chosen,
e.g., from POOL-D (5'-AAG CAA ACA TGG ATC AAG
AAA-3 (SEQ ID NO: 18), 5-AAG TTC CTG CTG CGT
TTGCTG-3'(SEQIDNO: 19),5'-AATTCA GCT CTT GAG
AGCATT-3") (SEQIDNO: 20), POOL-E (5'-AAT GGATTC
TTT GCC CAT AAA-3' (SEQIDNO: 21), 5-AAGTACTTT
GTC GGT TACCTA-3' (SEQIDNO: 22), 5'-AAT CTATTG
GCC ATC TGG GCT-3") (SEQ ID NO: 23), or POOL-F
(5-AAC CAG AAC TGT GTA GAT GCG-3' (SEQ ID NO:
24), 5'-AAG TGA CTT TGA AAA CTA CAT-3' (SEQ ID
NO: 25), 5-AAT GAT GTC ATG TCA GCT CCG-3") (SEQ
ID NO: 26). For brevity, only the sense strand of each siRNA
pair is shown. It is well known in the art that siRNA pairs are
double stranded small RNAs that have a 5'-AA overhang on
the sense strand and a 5'-UU overhang on the antisense strand.
It also is well known in the art that backbone chemistry
modifications can be advantageous for stabilizing or improv-
ing the uptake of the siRNA molecules. Pirollo K F et al.,
(2003), Rait A, Sleer L S, Chang E H, “Antisense therapeu-
tics: from theory to clinical practice,” Pharmacol Ther. 99(1):
55-77. Manufacture of oligonucleotides with advantageous
backbone chemistry modifications is within the level of ordi-
nary skill, and use of such modified—backbone compounds
(as well as non-modified-backbone compounds) is within the
scope of the present invention.

One skilled in the art will recognize that in addition to
direct transfection of the siRNAs into cells, expression vec-
tors can be developed that express these or similar sequences
and the expression vectors delivered to the cells by transfec-
tion, viral mediated delivery, or methods for delivering DNA
molecules into cells. The expression vectors express the siR-
NAs leading to sustained inhibition of 5-L.O, FLAP, or both
and thereby promoting osteogenesis.
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One skilled in the art also will recognize that additional
strategies to inhibit expression of 5-L.LO or FLAP can be used
to promote the same osteogenic effects in the precursor skel-
etal cells. Such technologies include use of anti-sense.

Exemplary 5-Lipoxygenase anti-sense sequences include,
e.g., 5'-GCA GGT GCT TCT CGC TGC AGC C-3' (SEQ ID
NO: 27), 5'-GCC AGT ACT TGC GCT TCT CG-3' (SEQ ID
NO: 28), 5'-CCA TCG ATA TTG TTT TTG CC-3' (SEQ ID
NO: 29), 5'-GGA GCT TCT CGG GCA GCT CTG TGC-3'
(SEQIDNO: 30),5'-CCA GGTTCT TAT ACA GCA AGC-3'
(SEQID NO:31), 5-CCA GCA GCT TGA AAA TGG GGT
GC-3'(SEQ IDNO: 32), 5'-GCC CCG GGC CTT GAT GGC
C-3' (SEQ ID NO: 33), 5'-CCA CGC CCT TGG CAG TCG
G-3' (SEQ ID NO: 34), and 5'-GCG GAA TCG GGC CAT
GGC TTC C-3' (SEQ ID NO: 35).

Exemplary FLAP anti-sense sequences include, e.g.,
5'-GTT CCG GTC CTC TGG AAG CTC C-3' (SEQ ID NO:
36), 5'-CGC AGA CCA GAG CAC AGC G-3' (SEQ ID NO:
37), 5-GCA AAC GCA GCA GGA AC-3' (SEQ ID NO: 38),
5'-CGT TTC CCA AAT ATG TAG CC-3' (SEQ ID NO: 39),
5'-GTT TTC AAA GTC ACT TCC G-3' (SEQ ID NO: 40),
5'-GGT TAA CTC AAG CTG TGA AGC-3' (SEQ ID NO:
41), 5'-GGA GCT GAC ATG ACA TC-3' (SEQ ID NO: 42),
and 5'-GGC CAC GGT CAT GTT CAA GG-3' (SEQ ID NO:
43).

Thus, novel methods for promoting osteogenesis to accel-
erate or enhance bone fracture healing, treat bone defects, and
enhance bone formation are disclosed. Although preferred
embodiments of the subject invention have been described in
some detail, it is understood that obvious variations can be
made without departing from the spirit and the scope of the
invention as defined by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 43

<210> SEQ ID NO 1

<211> LENGTH: 2568

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gccagggace agtggtggga ggaggcetgeyg gegetagatg cggacacctyg gaccgeegeg 60
cegaggetee cggegetege tgctcecgeg geecgegeca tgccectecta cacggtcace 120
gtggccactyg gcagccagtg gttegecgge actgacgact acatctacct cagectegtg 180
ggcteggegyg gcetgcagega gaagcacctyg ctggacaage ccttctacaa cgacttegag 240
cgtggegegy tggattcata cgacgtgact gtggacgagg aactgggega gatccagetg 300
gtcagaatcyg agaagcgcaa dtactggcetyg aatgacgact ggtacctgaa gtacatcacg 360
ctgaagacge cccacgggga ctacatcgag ttecectget accgetggat caccggegat 420
gtcgaggttyg tcctgaggga tggacgcgca aagttggecce gagatgacca aattcacatt 480
ctcaagcaac accgacgtaa agaactggaa acacggcaaa aacaatatcg atggatggag 540
tggaaccctyg gettecectt gageatcgat gcecaaatgec acaaggattt accccegtgat 600
atccagtttyg atagtgaaaa aggagtggac tttgttctga attactccaa agcgatggag 660
aacctgtteca tcaaccgett catgcacatg ttecagtcett cttggaatga cttegecgac 720
tttgagaaaa tctttgtcaa gatcagcaac actatttctg agcgggtcat gaatcactgg 780
caggaagacc tgatgtttgg ctaccagtte ctgaatgget gcaaccctgt gttgatcegg 840
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-continued
cgetgecacag agctgeccga gaagcteceg gtgaccacgg agatggtaga gtgcagectg 900
gagcggcage tcagettgga gcaggaggtce cagcaaggga acattttcat cgtggacttt 960
gagctgctgg atggcatcga tgccaacaaa acagaccccet gcacactcca gttectggece 1020
gctececcatet gettgetgta taagaacctg gccaacaaga ttgtccccat tgccatccag 1080
ctcaaccaaa tcccgggaga tgagaaccct attttcectec cttcecggatge aaaatacgac 1140
tggcttttgg ccaaaatctyg ggtgcgttce agtgacttcecce acgtccacca gaccatcacc 1200
caccttetge gaacacatct ggtgtctgag gtttttggca ttgcaatgta ccgccagetg 1260
cctgectgtge accccatttt caagctgctg gtggcacacg tgagattcac cattgcaatce 1320
aacaccaagg cccgtgagca gctcatctge gagtgtggece tcectttgacaa ggccaacgcece 1380
acagggggceg gtgggcacgt gcagatggtg cagagggcca tgaaggacct gacctatgece 1440
tcectgtget ttceccgagge catcaaggece cggggcatgg agagcaaaga agacatccce 1500
tactacttct accgggacga cgggctectg gtgtgggaag ccatcaggac gttcacggcece 1560
gaggtggtag acatctacta cgagggcgac caggtggtgg aggaggaccc ggagctgcag 1620
gacttcgtga acgatgtcta cgtgtacggce atgcggggec gcaagtcctce aggctteccce 1680
aagtcggtca agagccggga gcagctgtcg gagtacctga ccgtggtgat cttcaccgece 1740
tcegeccage acgcegceggt caacttegge cagtacgact ggtgctcecctg gatccccaat 1800
gegeccccaa ccatgcgage cccgecaccg actgccaagg gegtggtgac cattgageag 1860
atcgtggaca cgctgcccga ccgcecggecge tcectgcectgge atctgggtge agtgtgggeg 1920
ctgagccagt tccaggaaaa cgagctgttce ctgggcatgt acccagaaga gcattttatce 1980
gagaagcctyg tgaaggaagce catggeccga ttccgcaaga acctcgaggce cattgtcage 2040
gtgattgctyg agcgcaacaa gaagaagcag ctgccatatt actacttgtc cccagaccgg 2100
attccgaaca gtgtggccat ctgagcacac tgccagtcetce actgtgggaa ggccagctgce 2160
cccagcecaga tggactccag cctgectgge aggctgtetg gecaggcecte ttggcagtca 2220
catctcttece tccgaggcca gtacctttcee atttattett tgatcttcag ggaactgcat 2280
agattgatca aagtgtaaac accataggga cccattctac acagagcagg actgcacagc 2340
gtectgteca cacccagcete agcatttcca caccaagcag caacagcaaa tcacgaccac 2400
tgatagatgt ctattcttgt tggagacatg ggatgattat tttctgttct atttgtgett 2460
agtccaattc cttgcacata gtaggtaccc aattcaatta ctattgaatg aattaagaat 2520
tggttgccat aaaaataaat cagttcattt aaaaaaaaaa aaaaaaaa 2568
<210> SEQ ID NO 2
<211> LENGTH: 674
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
Met Pro Ser Tyr Thr Val Thr Val Ala Thr Gly Ser Gln Trp Phe Ala
1 5 10 15
Gly Thr Asp Asp Tyr Ile Tyr Leu Ser Leu Val Gly Ser Ala Gly Cys
20 25 30
Ser Glu Lys His Leu Leu Asp Lys Pro Phe Tyr Asn Asp Phe Glu Arg
35 40 45
Gly Ala Val Asp Ser Tyr Asp Val Thr Val Asp Glu Glu Leu Gly Glu

50

55

60
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-continued

42

Ile

Trp

Glu

Arg

Lys

Trp

145

Asp

Arg

Glu

Asn

225

Cys

Pro

Leu

Leu

Phe

305

Ile

Pro

Ile

Leu

Arg

385

Val

Cys

Leu

Asp
465

Ala

Gln

Tyr

Phe

Asp

Gln

130

Met

Lys

Phe

Phe

Lys

210

His

Asn

Val

Glu

Leu

290

Leu

Val

Ile

Trp

Leu

370

Gln

Arg

Glu

Val

Cys
450

Ile

Ile

Leu

Leu

Pro

Gly

115

His

Glu

Asp

Val

Met

195

Ile

Trp

Pro

Thr

Gln

275

Asp

Ala

Pro

Phe

Val

355

Arg

Leu

Phe

Cys

Gln
435
Phe

Pro

Arg

Val

Lys

Cys

100

Arg

Arg

Trp

Leu

Leu

180

His

Phe

Gln

Val

Thr

260

Glu

Gly

Ala

Ile

Leu

340

Arg

Thr

Pro

Thr

Gly

420

Met

Pro

Tyr

Thr

Arg

Tyr

85

Tyr

Ala

Arg

Asn

Pro

165

Asn

Met

Val

Glu

Leu

245

Glu

Val

Ile

Pro

Ala

325

Pro

Ser

His

Ala

Ile

405

Leu

Val

Glu

Tyr

Phe

Ile

Ile

Arg

Lys

Lys

Pro

150

Arg

Tyr

Phe

Lys

Asp

230

Ile

Met

Gln

Asp

Ile

310

Ile

Ser

Ser

Leu

Val

390

Ala

Phe

Gln

Ala

Phe
470

Thr

Glu

Thr

Trp

Leu

Glu

135

Gly

Asp

Ser

Gln

Ile

215

Leu

Arg

Val

Gln

Ala

295

Cys

Gln

Asp

Asp

Val

375

His

Ile

Asp

Arg

Ile
455

Tyr

Ala

Lys

Leu

Ile

Ala

120

Leu

Phe

Ile

Lys

Ser

200

Ser

Met

Arg

Glu

Gly

280

Asn

Leu

Leu

Ala

Phe

360

Ser

Pro

Asn

Lys

Ala
440
Lys

Arg

Glu

Arg

Lys

Thr

105

Arg

Glu

Pro

Gln

Ala

185

Ser

Asn

Phe

Cys

Cys

265

Asn

Lys

Leu

Asn

Lys

345

His

Glu

Ile

Thr

Ala

425

Met

Ala

Asp

Val

Lys

Thr

90

Gly

Asp

Thr

Leu

Phe

170

Met

Trp

Thr

Gly

Thr

250

Ser

Ile

Thr

Tyr

Gln

330

Tyr

Val

Val

Phe

Lys

410

Asn

Lys

Arg

Asp

Val

Tyr

75

Pro

Asp

Asp

Arg

Ser

155

Asp

Glu

Asn

Ile

Tyr

235

Glu

Leu

Phe

Asp

Lys

315

Ile

Asp

His

Phe

Lys

395

Ala

Ala

Asp

Gly

Gly

475

Asp

Trp Leu Asn Asp

His

Val

Gln

Gln

140

Ile

Ser

Asn

Asp

Ser

220

Gln

Leu

Glu

Ile

Pro

300

Asn

Pro

Trp

Gln

Gly

380

Leu

Arg

Thr

Leu

Met
460

Leu

Ile

Gly

Glu

Ile

125

Lys

Asp

Glu

Leu

Phe

205

Glu

Phe

Pro

Arg

Val

285

Cys

Leu

Gly

Leu

Thr

365

Ile

Leu

Glu

Gly

Thr
445
Glu

Leu

Tyr

Asp

Val

110

His

Gln

Ala

Lys

Phe

190

Ala

Arg

Leu

Glu

Gln

270

Asp

Thr

Ala

Asp

Leu

350

Ile

Ala

Val

Gln

Gly

430

Tyr

Ser

Val

Tyr

Tyr

95

Val

Ile

Tyr

Lys

Gly

175

Ile

Asp

Val

Asn

Lys

255

Leu

Phe

Leu

Asn

Glu

335

Ala

Thr

Met

Ala

Leu

415

Gly

Ala

Lys

Trp

Glu

Asp

Ile

Leu

Leu

Arg

Cys

160

Val

Asn

Phe

Met

Gly

240

Leu

Ser

Glu

Gln

Lys

320

Asn

Lys

His

Tyr

His

400

Ile

Gly

Ser

Glu

Glu
480

Gly
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44

-continued
485 490 495
Asp Gln Val Val Glu Glu Asp Pro Glu Leu Gln Asp Phe Val Asn Asp

Val Tyr Val
515

Ser Val Lys
530

Phe Thr Ala
545

Trp Cys Ser

Pro Thr Ala

Pro Asp Arg

595

Ser Gln Phe
610

His Phe Ile
625

500

Tyr Gly Met Arg Gly

520

Ser Arg Glu Gln Leu

535

Ser Ala Gln His Ala
550

Trp Ile Pro Asn Ala

565

Lys Gly Val Val Thr

580

Gly Arg Ser Cys Trp

600

Gln Glu Asn Glu Leu

615

Glu Lys Pro Val Lys
630

Asn Leu Glu Ala Ile Val Ser Val

Gln Leu Pro

Ala Ile

<210> SEQ I
<211> LENGT.
<212> TYPE:

645

Tyr Tyr Tyr Leu Ser

660

D NO 3
H: 873
DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

acttcccectt

agcctgaage

cccteatcag

cccagaatgg

ccaaccagaa

tactttgcag

agtactttgt

aacgcatcat

tcttettttt

ctctacttcet

tacctacaag

aaatctattg

tgatgtcatg

geattttgtt

gttttcttaa

<210> SEQ I

<211> LENGT.
<212> TYPE:

cctgtacagyg
aaacatggat
cgtggtecag
gaggagctte
ctgtgtagat
ccaagttect
cggttaccta
actcttectyg
cggaagtgac
cattcectaa

tcatcataat

gecatetggy

tcagcteege

tgtttctteca

aataaaatgc

D NO 4

H: 161
PRT

gcaggttgtg

caagaaactg

aatggattct

cagaggaccg

gegtacccca

getgegttty

ggagagagaa

ttecteatgt

tttgaaaact

ctctetgetyg

tcagctettyg

cttcacaget

cccttgaaca

cttatcetgt

agagacatgt

505

Arg Lys Ser

Ser Glu Tyr

Ala Val Asn

555

Pro Pro Thr
570

Ile Glu Gln
585

His Leu Gly

Phe Leu Gly

Glu Ala Met

635

Ile Ala Glu
650

Pro Asp Arg
665

cagctggagg
taggcaatgt
ttgcccataa
gaacacttge
ctttectege
ctggactgat
cgcagagceac
cegttgetygyg
acataaagac
aatatggggt
agagcattct
tgagttaacc
tgaccgtgge
tctetgaaga

ttt

Ser

Leu

540

Phe

Met

Ile

Ala

Met

620

Ala

Arg

Ile

Gly

525

Thr

Gly

Arg

Val

Val

605

Tyr

Arg

Asn

Pro

510

Phe Pro Lys

Val Val Ile

Gln Tyr Asp

560

Ala Pro Pro
575

Asp Thr Leu
590

Trp Ala Leu

Pro Glu Glu

Phe Arg Lys

640

Lys Lys Lys
655

Asn Ser Val
670

cagagcagtce ctetetgggyg

tgtcctgtty gecategtca

agtggagcac gaaagcagga

ctttgagegg gtctacactg

tgtgctctgyg tectgegggge

gtacttgttt gtgaggcaaa

ccctggetac atatttggga

catattcaac tattacctca

gatctecace accatctcce

tggtgttcte atctaatcaa

getettettt agatggetgt

ttgcttttee gggaacaaaa

cccaaatttyg ctattcccat

tgttttgtga ccaggtttgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

873
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46

-continued
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
Met Asp Gln Glu Thr Val Gly Asn Val Val Leu Leu Ala Ile Val Thr

1

Leu

Glu

Ala

Pro

65

Val

Tyr

Ile

Gly

Asn

145

Pro

<210>
<211>
<212>
<213>

<400>

Ile

Ser

Phe

50

Thr

Pro

Phe

Phe

Ile

130

Tyr

Ser Val Val Gln Asn Gly

20

Arg Thr Gln Asn Gly Arg

35

40

Glu Arg Val Tyr Thr Ala

55

Phe Leu Ala Val Leu Trp

70

Ala Ala Phe Ala Gly Leu

85

Val Gly Tyr Leu Gly Glu

100

Gly Lys Arg Ile Ile Leu

115

120

Phe Asn Tyr Tyr Leu Ile

135

Ile Lys Thr Ile Ser Thr
150

SEQ ID NO 5
LENGTH: 4465
TYPE: DNA
ORGANISM: Homo sapiens

SEQUENCE: 5

caattgtcat acgacttgca

ctcettecage tccacageca

tgccegeege teggatgete

atacagcaaa tccttgetgt

gatttgacca gtataagtgce

caccggaatt tttgacaaga

acatacttac ccacttcaag

atgcaattat gagttatgtc

acaatgctga ctatggctac

gagcecttee tectgtgect

agcttectga ttcaaatgag

atccccaggyg ctcaaacatg

tcaagacaga tcataagcga

taaatcatat ttacggtgaa

gaaaaatgaa atatcagata

aggcagagat gatctaccct

aggtctttgyg tctggtgect

acagagtatyg cgatgtgett

gtgagcegtca

gacgccctcea

gecegegece

tcccacccat

gattgtacce

ataaaattat

ggattttgga

ttgacatcca

aaaagctggyg

gatgattgce

attgtggaaa

atgtttgcat

gggccagett

actctggeta

attgatggag

cctcaagtec

ggtctgatga

aaacaggagc

10

Phe Phe Ala
25

Ser Phe Gln

Asn Gln Asn

Ser Ala Gly

75

Met Tyr Leu
90

Arg Thr Gln
105

Phe Leu Phe

Phe Phe Phe

Thr Ile Ser
155

ggagcacgte
gacagcaaag
tgctgetgty
gtcaaaaccyg
ggacaggatt
ttctgaaacc
acgttgtgaa
gatcacattt
aagccttete
cgacteecett
aattgettet
tctttgccca
tcaccaacgyg
gacagcgtaa
agatgtatcc
ctgagcatct
tgtatgccac

atcctgaatg

His

Arg

Cys

60

Leu

Phe

Ser

Leu

Gly

140

Pro

Lys

Thr

45

Val

Leu

Val

Thr

Met

125

Ser

Leu

15

Val Glu His
30

Gly Thr Leu

Asp Ala Tyr

Cys Ser Gln

80

Arg Gln Lys
95

Pro Gly Tyr
110

Ser Val Ala

Asp Phe Glu

Leu Leu Ile
160

caggaactce tcagcagege

cctacceceeyg cgecgegecoe

cgeggtectyg gegetcagee

aggtgtatgt atgagtgtgg

ctatggagaa aactgctcaa

cactccaaac acagtgcact

taacattcce ttecttegaa

gattgacagt ccaccaactt

taacctctce tattatacta

gggtgtcaaa ggtaaaaagc

aagaagaaag ttcatccctg

gcacttcacg catcagtttt

gctgggccat ggggtggact

actgcgectt ttcaaggatg

tcccacagte aaagatactce

acggtttget gtggggcagg

aatctggetyg cgggaacaca

gggtgatgag cagttgttce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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agacaagcag gctaatactg ataggagaga ctattaagat tgtgattgaa gattatgtgc 1140
aacacttgag tggctatcac ttcaaactga aatttgaccc agaactactt ttcaacaaac 1200
aattccagta ccaaaatcgt attgctgctg aatttaacac cctctatcac tggcatccce 1260
ttctgectga cacctttcaa attcatgacc agaaatacaa ctatcaacag tttatctaca 1320
acaactctat attgctggaa catggaatta cccagtttgt tgaatcattc accaggcaaa 1380
ttgctggcag ggttgctggt ggtaggaatg ttccacccge agtacagaaa gtatcacagg 1440
cttccattga ccagagcagg cagatgaaat accagtcttt taatgagtac cgcaaacgct 1500
ttatgctgaa gccctatgaa tcatttgaag aacttacagg agaaaaggaa atgtctgcag 1560
agttggaagc actctatggt gacatcgatg ctgtggagct gtatcctgece cttectggtag 1620
aaaagcctcg geccagatgec atctttggtg aaaccatggt agaagttgga gcaccattcet 1680
ccttgaaagg acttatgggt aatgttatat gttcectcecctge ctactggaag ccaagcactt 1740
ttggtggaga agtgggtttt caaatcatca acactgcctc aattcagtct ctcatctgceca 1800
ataacgtgaa gggctgtccce tttacttcat tcagtgttcce agatccagag ctcattaaaa 1860
cagtcaccat caatgcaagt tcttccecgct ccggactaga tgatatcaat cccacagtac 1920
tactaaaaga acgttcgact gaactgtaga agtctaatga tcatatttat ttatttatat 1980
gaaccatgtc tattaattta attatttaat aatatttata ttaaactcct tatgttactt 2040
aacatcttct gtaacagaag tcagtactcce tgttgcggag aaaggagtca tacttgtgaa 2100
gacttttatg tcactactct aaagattttg ctgttgctgt taagtttgga aaacagtttt 2160
tattctgttt tataaaccag agagaaatga gttttgacgt ctttttactt gaatttcaac 2220
ttatattata agaacgaaag taaagatgtt tgaatactta aacactatca caagatggca 2280
aaatgctgaa agtttttaca ctgtcgatgt ttccaatgca tcttceccatga tgcattagaa 2340
gtaactaatg tttgaaattt taaagtactt ttggttattt ttctgtcatc aaacaaaaac 2400
aggtatcagt gcattattaa atgaatattt aaattagaca ttaccagtaa tttcatgtct 2460
actttttaaa atcagcaatg aaacaataat ttgaaatttc taaattcata gggtagaatc 2520
acctgtaaaa gecttgtttga tttcttaaag ttattaaact tgtacatata ccaaaaagaa 2580
gctgtcttgg atttaaatct gtaaaatcag atgaaatttt actacaattg cttgttaaaa 2640
tattttataa gtgatgttcc tttttcacca agagtataaa cctttttagt gtgactgtta 2700
aaacttcctt ttaaatcaaa atgccaaatt tattaaggtg gtggagccac tgcagtgtta 2760
tctcaaaata agaatatttt gttgagatat tccagaattt gtttatatgg ctggtaacat 2820
gtaaaatcta tatcagcaaa agggtctacc tttaaaataa gcaataacaa agaagaaaac 2880
caaattattg ttcaaattta ggtttaaact tttgaagcaa actttttttt atccttgtgc 2940
actgcaggcce tggtactcag attttgctat gaggttaatg aagtaccaag ctgtgcttga 3000
ataacgatat gttttctcag attttctgtt gtacagttta atttagcagt ccatatcaca 3060
ttgcaaaagt agcaatgacc tcataaaata cctcttcaaa atgcttaaat tcatttcaca 3120
cattaatttt atctcagtct tgaagccaat tcagtaggtg cattggaatc aagcctggcet 3180
acctgcatgce tgttecctttt cttttettet tttagccatt ttgctaagag acacagtctt 3240
ctcatcactt cgtttcteccect attttgtttt actagtttta agatcagagt tcactttcectt 3300
tggactctge ctatattttc ttacctgaac ttttgcaagt tttcaggtaa acctcagctce 3360
aggactgcta tttagctcecct cttaagaaga ttaaaagaga aaaaaaaagg cccttttaaa 3420
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aatagtatac

atctgtaacc

tgactggaaa

caaatgatat

atctcattgt

tttatgtctt

ttttttgtta

aacaatccaa

catattgaga

aaagaatatt

gggatctgtg

tcaagcactyg

tataaataat

aaagataact

agaaatagtc

gatttgttat

gtttcagtge

tgtctgttta

<210>
<211>
<212>
<213>

<400>

acttatttta

aagatggatg

aagttacgtt

ctaagtagtt

cactgacatt

attaggacac

tgtcacaatc

agaaatgatt

tatttaaggt

gtctcattag

gatgcttegt

tgggttttaa

tgaaaaaaat

caggagaatc

aatatgcttg

taacattgat

ctcagacaaa

tttttgtact

SEQ ID NO 6
LENGTH: 604
TYPE :
ORGANISM: Homo sapiens

PRT

SEQUENCE: 6

agtgaaaagc

caaagaggct

cccattctaa

ctcagcaata

taatggtact

tatggttata

agtatatttt

gtattaagat

tgaatgtttyg

cctgaatgtyg

taatttgtte

tatttttaaa

tttettttgg

ttctttacaa

tataaaacac

ctgctgacaa

tgtgtattta

attta

Met Leu Ala Arg Ala Leu Leu Leu

1

Thr

Met

Phe

Leu

65

Phe

Ala

Pro

Ser

Cys
145

Asn

Pro

Ala

Ser

Tyr

50

Phe

Lys

Ile

Pro

Asn

130

Pro

Glu

Gln

Asn

Val

35

Gly

Leu

Gly

Met

Thr

115

Leu

Thr

Ile

Gly

5

Pro Cys Cys Ser His

20

Gly Phe Asp Gln Tyr

40

Glu Asn Cys Ser Thr

55

Lys Pro Thr Pro Asn

70

Phe Trp Asn Val Val

Ser Tyr Val Leu Thr

100

Tyr Asn Ala Asp Tyr

120

Ser Tyr Tyr Thr Arg

135

Pro Leu Gly Val Lys
150

Val Glu Lys Leu Leu

165

Ser Asn Met Met Phe

180

agagaatttt
agtgcctcag
ttaatgcect
ataataatga
gtatattact
aactgtgttt
ctttggggtt
ttgtgaataa
tccttaggat
ccataagact
agccacaatt
tcaaacgctyg
gaagagggag
ttttacgttt
tgttcactgt
aacctgggaa

acttatgtaa

Cys Ala Val
10

Pro Cys Gln
25

Lys Cys Asp

Pro Glu Phe

Thr Val His
75

Asn Asn Ile
90

Ser Arg Ser
105

Gly Tyr Lys

Ala Leu Pro

Gly Lys Lys

155

Leu Arg Arg
170

Ala Phe Phe
185

atttatagct aattttaget

agagaactgt

ttcttattta

cgataatact

taatttattg

aagcctacaa

acctctetga

atttttagaa

aggcctatgt

gaccttttaa

tattgagaaa

attacagata

aaaatgaaat

agaatgttta

tttttttaaa

tttgggttgt

aagataagtc

Leu

Asn

Cys

Leu

60

Tyr

Pro

His

Ser

Pro

140

Gln

Lys

Ala

Ala

Arg

Thr

45

Thr

Ile

Phe

Leu

Trp

125

Val

Leu

Phe

Gln

Leu

Gly

Arg

Arg

Leu

Leu

Ile

110

Glu

Pro

Pro

Ile

His
190

acggggtttg
aaaacaaaac
tcttttecac
aagattatta
tcattgattt
atattatgta
atctgattgyg
gctageccac
aatgttttga
atattctgtyg
atagtattta
aaatatcatt
aggttaagaa
aaaaaaactt
gtatgcgaat

tggaaataaa

Ser His
15

Val Cys

Thr Gly

Ile Lys

Thr His

80

Arg Asn

Asp Ser

Ala Phe

Asp Asp

Asp Ser

160

Pro Asp
175

Phe Thr

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4465
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52

Gly

Ala

225

Gln

Ala

Val

Thr

Glu

305

Ile

Phe

Thr

Asp

385

Leu

Ala

Val

Phe

Glu

465

Tyr

Lys

Ala

Ala

Ile
545
Cys

Val

Pro

Gln

Leu

210

Arg

Ile

Glu

Gly

Ile

290

His

Leu

Leu

Asn

Leu

370

Gln

Glu

Gly

Ser

Asn

450

Glu

Gly

Pro

Pro

Tyr

530

Asn

Pro

Thr

Thr

Phe

195

Gly

Gln

Ile

Met

Gln

275

Trp

Pro

Ile

Ser

Lys

355

Tyr

Lys

His

Arg

Gln

435

Glu

Leu

Asp

Arg

Phe

515

Trp

Thr

Phe

Ile

Val
595

Phe

His

Arg

Asp

Ile

260

Glu

Leu

Glu

Gly

Gly

340

Gln

His

Tyr

Gly

Val

420

Ala

Tyr

Thr

Ile

Pro

500

Ser

Lys

Ala

Thr

Asn
580

Leu

Lys

Gly

Lys

Gly

245

Tyr

Val

Arg

Trp

Glu

325

Tyr

Phe

Trp

Asn

Ile

405

Ala

Ser

Arg

Gly

Asp

485

Asp

Leu

Pro

Ser

Ser

565

Ala

Leu

Thr

Val

Leu

230

Glu

Pro

Phe

Glu

Gly

310

Thr

His

Gln

His

Tyr

390

Thr

Gly

Ile

Lys

Glu

470

Ala

Ala

Lys

Ser

Ile
550
Phe

Ser

Lys

Asp

Asp

215

Arg

Met

Pro

Gly

His

295

Asp

Ile

Phe

Tyr

Pro

375

Gln

Gln

Gly

Asp

Arg

455

Lys

Val

Ile

Gly

Thr

535

Gln

Ser

Ser

Glu

His

200

Leu

Leu

Tyr

Gln

Leu

280

Asn

Glu

Lys

Lys

Gln

360

Leu

Gln

Phe

Arg

Gln

440

Phe

Glu

Glu

Phe

Leu

520

Phe

Ser

Val

Ser

Arg
600

Lys

Asn

Phe

Pro

Val

265

Val

Arg

Gln

Ile

Leu

345

Asn

Leu

Phe

Val

Asn

425

Ser

Met

Met

Leu

Gly

505

Met

Gly

Leu

Pro

Arg
585

Ser

Arg

His

Lys

Pro

250

Pro

Pro

Val

Leu

Val

330

Lys

Arg

Pro

Ile

Glu

410

Val

Arg

Leu

Ser

Tyr

490

Glu

Gly

Gly

Ile

Asp
570

Ser

Thr

Gly

Ile

Asp

235

Thr

Glu

Gly

Cys

Phe

315

Ile

Phe

Ile

Asp

Tyr

395

Ser

Pro

Gln

Lys

Ala

475

Pro

Thr

Asn

Glu

Cys

555

Pro

Gly

Glu

Pro

Tyr

220

Gly

Val

His

Leu

Asp

300

Gln

Glu

Asp

Ala

Thr

380

Asn

Phe

Pro

Met

Pro

460

Glu

Ala

Met

Val

Val

540

Asn

Glu

Leu

Leu

Ala

205

Gly

Lys

Lys

Leu

Met

285

Val

Thr

Asp

Pro

Ala

365

Phe

Asn

Thr

Ala

Lys

445

Tyr

Leu

Leu

Val

Ile

525

Gly

Asn

Leu

Asp

Phe

Glu

Met

Asp

Arg

270

Met

Leu

Ser

Tyr

Glu

350

Glu

Gln

Ser

Arg

Val

430

Tyr

Glu

Glu

Leu

Glu

510

Cys

Phe

Val

Ile

Asp
590

Thr

Thr

Lys

Thr

255

Phe

Tyr

Lys

Arg

Val

335

Leu

Phe

Ile

Ile

Gln

415

Gln

Gln

Ser

Ala

Val

495

Val

Ser

Gln

Lys

Lys

575

Ile

Asn

Leu

Tyr

240

Gln

Ala

Ala

Gln

Leu

320

Gln

Leu

Asn

His

Leu

400

Ile

Lys

Ser

Phe

Leu

480

Glu

Gly

Pro

Ile
Gly
560

Thr

Asn
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54

-continued
<210> SEQ ID NO 7
<211> LENGTH: 5093
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
aggtgacagce tggagggagg agcgggggtg gagccggggg aagggtgggg aggggatggyg 60
ctggagcetee gggcagtgtg cgaggcgcac gcacaggage ctgcactetyg cgteccgcac 120
cccagecagee gcegecatgag ccggagtete ttgetetggt tettgetgtt cctgetectyg 180
ctecegecge teceegtect getcegeggac ccaggggege ccacgcecagt gaatcectgt 240
tgttactatc catgccagca ccagggcatce tgtgtccget teggecttga ccgctaccag 300
tgtgactgca cccgcacggg ctattcegge cecaactgea ccatccctgyg cctgtggace 360
tggcteccegga attcactgcg geccageccee tetttcaccee acttectget cactcacggg 420
cgetggttet gggagtttgt caatgccacce ttcatccgag agatgctcat gegectggta 480
ctcacagtge gctccaacct tatccccagt ceccccacct acaactcage acatgactac 540
atcagctggg agtctttete caacgtgage tattacacte gtattctgece ctetgtgect 600
aaagattgce ccacacccat gggaaccaaa gggaagaagce agttgccaga tgcccagcete 660
ctggeccgee gettectget caggaggaag ttcatacctyg acccccaagyg caccaaccte 720
atgtttgcct tctttgcaca acacttcacc caccagttcet tcaaaacttce tggcaagatg 780
ggtectgget tcaccaagge cttgggecat ggggtagacce tcggccacat ttatggagac 840
aatctggage gtcagtatca actgcggete tttaaggatg ggaaactcaa gtaccaggtg 900
ctggatggag aaatgtaccc gcccteggta gaagaggege ctgtgttgat gcactaccce 960
cgaggcatcce cgccccagag ccagatggct gtgggccagg aggtgtttgg getgettect 1020
gggctcatge tgtatgccac gctcectggcta cgtgagcaca accgtgtgtg tgacctgetg 1080
aaggctgagce accccacctg gggcgatgag cagcecttttece agacgaccecg cctcatcecte 1140
ataggggaga ccatcaagat tgtcatcgag gagtacgtgc agcagctgag tggctattte 1200
ctgcagctga aatttgaccc agagctgctg tteggtgtcecce agttccaata ccgcaaccgce 1260
attgccatgg agttcaacca tctctaccac tggcaccceccce tcatgectga ctecttcaag 1320
gtgggctecec aggagtacag ctacgagcag ttcttgttca acacctceccat gttggtggac 1380
tatggggttg aggccctggt ggatgcctte tctegccaga ttgctggceg gatcggtggg 1440
ggcaggaaca tggaccacca catcctgcat gtggctgtgg atgtcatcag ggagtctegg 1500
gagatgcggce tgcagccctt caatgagtac cgcaagaggt ttggcatgaa accctacacc 1560
tcettecagg agctegtagyg agagaaggag atggcagcag agttggagga attgtatgga 1620
gacattgatg cgttggagtt ctaccctgga ctgcttcttg aaaagtgcca tccaaactct 1680
atctttgggg agagtatgat agagattggg gctccctttt cecctcaaggg tetecctaggg 1740
aatcccatct gttctccgga gtactggaag ccgagcacat ttggcggcga ggtgggcettt 1800
aacattgtca agacggccac actgaagaag ctggtctgcc tcaacaccaa gacctgtccce 1860
tacgtttecct teccgtgtgece ggatgccagt caggatgatg ggcctgctgt ggagcgacca 1920
tccacagagce tctgaggggce aggaaagcag cattctggag gggagagctt tgtgettgte 1980
attccagagt gctgaggcca gggctgatgg tcttaaatge tcattttctg gtttggcatg 2040
gtgagtgttyg gggttgacat ttagaacttt aagtctcacc cattatctgg aatattgtga 2100
ttctgtttat tcttccagaa tgctgaactce cttgttagece cttcagattg ttaggagtgg 2160
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56

ttetcatttyg

tggttgattt

gttagggggt

ttgtgttect

ctgtctagaa

tcctaaggte

gtggggtgtt

gtgggctgta

gactcatgge

tatatctctt

cttgtageca

gggcccatca

actgcecttt

attcagttcc

ggcacccggg

tctcacacca

ctcagagtygyg

attcctggtt

gaatggtgga

ttttectaag

taatcaatac

accataaata

acccectetyg

tctcagggea

cagcagagag

acactttggg

gagttcggte

ttetecttag

gaatgcaatc

gaagtctcca

gctaatacct

gttctatcag

gacaccctet

cacagctgge

tggatccetyg

attcctettt

ggctgetggg

gatgcaatca

agcaggaagg

gtctgcecaga

gtaacacagt

tcttatttty

ggctgatgat

tgtggatttyg

caacaagaat

cttettggga

ttcacgecat

agetgtttet

ttggtcccat

tggctgggcyg

ctgtatagac

tcaggaagct

caccatctga

daggagagca

acagtgtgaa

tcgagtgaca

tgactcagtt

gtgtagccte

tgtttactat

agacaaggtt

aggaaacgat

ctectgtecte

gacagcccte

agaggacaga

cttagtattt

tgacagtcct

ttggctggaa

ctteeetget

tgaagagctt

cttactttge

gggtgcatte

ccttaaaaac

tctgacaaga

cccttectecaa

tgcttaaatc

ctgagtgaca

gacaagtgtt

acaggaagct

atactgggtt

cattctagga

cattccagaa

ccagaacagt

attcattttc

gecattcecty

cccccactaa

tggttggaag

catgaagcta

cctctaaage

tgctagaggt

atgctaccac

ctcttaaaat

ttaaaacaac

catactgtgt

gtgcgtggta

cacctcacge

ccaggectga

cacctgatat

gtgccagtte

ctgeecttat

gaaataagat

cecctattgeg

cactccaget

ggggtaagat

ctcaggaaga

tggggttaag

actgctececa

cttgcagttyg

gtgtcetgte

ttgagaatcc

tggccaaggg

tggCCCgtgg

tggtccattt

gactttagcet

agttggagtt

caagcacttt

ttggaaagag

ggcagaacgg

cttagttgac

tgtggagcta

tcttgacttt

ggctegtatce

ctgttcagtyg

aatctgtgec

gaccctggte

ctaccagage

ataaaattcg

agaggcaaca

tgcagcatga

tggtacttce

acccattgec

ttccteectt

tccaatttca

taatctccat

aggctgagte

tettgeotgt

tcaggctact

ctgtaacagg

ggagctcaca

atatacaagg

ctctcaagac

ctgagaccect

gaggggttga

getatggece

tctectgtet

tcattcctte

ctctgacgta

ctttcttgea

tctectttet

gtgggcctgt

agactgagat

gttectgett

tttcctteca

tgtgtetgtt

aatggcctygyg

caccctegag

aggaggctgc

aacctagaat gtcagatttce

ctgatgaaat ctgctagaaa

ctgattggtyg attcaaagtyg

ccaaatctgt cagcatctgg

agatatcata gagacggaga

tgcactgaga gggcaaggaa

tgaggatgta gagagaacag

tctatcceca tccaggtett

ctttctaaag ttacctgtta

ctggaacatyg gctagecttt

gactttctge tgggatcctt

tttectececty cgggcecagge

ccagacctgg aagatataac

acagagcata caacagaggg

cgcttttaat tcteatttgt

ttcaaaacca aggaagcagce

cagagcttgt getectettyg

ctggctcagyg gtcaaagaca

cattcagtcc caaatatgta

tgtggggaca cagcagtgag

ctccagtgge agacaaacag

tgagtgtgac ttccctteta

cagagaccca acagcagtga

tttctcagga cctetgtagy

gggaaggtte ttcatgatce

agaaacaaca ggggaaacta

tatggtccag aaactcctgt

tggcctetge tgaatgcagyg

gaaagatcct tcgggtgetg

gattctattt cccctcecttet

tattaatttc agtcttggtg

gaatcaatce tgggcaatca

cactgactct gactcatcce

ccgagatece cagggcagec

tceggtggee tattccagga

gettgtaate aagcctttat

agggactttt aatcagtgaa

aagggtggat gacagggcag

agcegtggte caaccaggag

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500
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ctgatggcag ctggggctag

aggtattcct ctcttaaatg

ctgcacatga aagttttgca

gtgaagaatc ttaatgcttg

gtgatggttg gttttatttg

cagtaatcta ggtgtggetg

tgactttaag tgaaagagat

aggcctcaag aacaaacact

agccatcgac tcctgectga

ccaaccccaa caattgtgtg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 8
LENGTH: 599
TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 8

gggaagggcet

caagtgccta

aagggaaaca

taatttaaac

tcagtttggt

tgaaggtatt

tacttaaata

gecagtttect

gtttccagee

aattaatttc

Met Ser Arg Ser Leu Leu Leu Trp

1

Pro

Asn

Phe

Gly

65

Leu

Trp

Arg

Tyr

Ser

145

Pro

Ala

Thr

Phe

His
225

Tyr

Asp

Pro

Pro

Gly

50

Pro

Arg

Phe

Leu

Asn

130

Tyr

Met

Arg

Asn

Lys
210
Gly

Gln

Gly

5

Leu Pro Val Leu Leu Ala

20

Cys Cys Tyr Tyr Pro Cys

35

40

Leu Asp Arg Tyr Gln Cys

55

Asn Cys Thr Ile Pro Gly

70

Pro Ser Pro Ser Phe Thr

85

Trp Glu Phe Val Asn Ala

100

Val Leu Thr Val Arg Ser

115

120

Ser Ala His Asp Tyr Ile

135

Tyr Thr Arg Ile Leu Pro
150

Gly Thr Lys Gly Lys Lys

165

Arg Phe Leu Leu Arg Arg

180

Leu Met Phe Ala Phe Phe

195

200

Thr Ser Gly Lys Met Gly

215

Val Asp Leu Gly His Ile
230

Leu Arg Leu Phe Lys Asp

245

Glu Met Tyr Pro Pro Ser

260

ttgagggtgg
gattaggtag
ggctaaatge
atttgttect
tgggctatag
ttgtagatgt
atttgggtga
ggaaaagaag
tgctagtetyg

taaaaataaa

Phe Leu Leu
10

Asp Pro Gly
25

Gln His Gln

Asp Cys Thr

Leu Trp Thr

75

His Phe Leu
90

Thr Phe Ile
105

Asn Leu Ile

Ser Trp Glu

Ser Val Pro
155

Gln Leu Pro
170

Lys Phe Ile
185

Ala Gln His

Pro Gly Phe

Tyr Gly Asp

235

Gly Lys Leu
250

Val Glu Glu
265

aaggatggga tgggttccag

actttgctta gtattgacaa

accaagaaag cttcttcaga

ggagttttga tttggtggat

cacacagtta tttaatcaaa

gattaacatc tacaatcagt

getgcacetyg attagttgaa

aaactttgcce tcaagactat

ccctatggat ttgaagtttyg

gctatataca gcc

Phe

Ala

Gly

Arg

60

Trp

Leu

Arg

Pro

Ser

140

Lys

Asp

Pro

Phe

Thr
220
Asn

Lys

Ala

Leu

Pro

Ile

Thr

Leu

Thr

Glu

Ser

125

Phe

Asp

Ala

Asp

Thr

205

Lys

Leu

Tyr

Pro

Leu Leu Leu
15

Thr Pro Val
30

Cys Val Arg

Gly Tyr Ser

Arg Asn Ser

80

His Gly Arg
95

Met Leu Met
110

Pro Pro Thr

Ser Asn Val

Cys Pro Thr

160

Gln Leu Leu
175

Pro Gln Gly
190

His Gln Phe

Ala Leu Gly

Glu Arg Gln

240

Gln Val Leu
255

Val Leu Met
270

4560

4620

4680

4740

4800

4860

4920

4980

5040

5093
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His Tyr Pro Arg Gly Ile Pro Pro Gln Ser Gln Met Ala Val Gly Gln
275 280 285

Glu Val Phe Gly Leu Leu Pro Gly Leu Met Leu Tyr Ala Thr Leu Trp
290 295 300

Leu Arg Glu His Asn Arg Val Cys Asp Leu Leu Lys Ala Glu His Pro
305 310 315 320

Thr Trp Gly Asp Glu Gln Leu Phe Gln Thr Thr Arg Leu Ile Leu Ile
325 330 335

Gly Glu Thr Ile Lys Ile Val Ile Glu Glu Tyr Val Gln Gln Leu Ser
340 345 350

Gly Tyr Phe Leu Gln Leu Lys Phe Asp Pro Glu Leu Leu Phe Gly Val
355 360 365

Gln Phe Gln Tyr Arg Asn Arg Ile Ala Met Glu Phe Asn His Leu Tyr
370 375 380

His Trp His Pro Leu Met Pro Asp Ser Phe Lys Val Gly Ser Gln Glu
385 390 395 400

Tyr Ser Tyr Glu Gln Phe Leu Phe Asn Thr Ser Met Leu Val Asp Tyr
405 410 415

Gly Val Glu Ala Leu Val Asp Ala Phe Ser Arg Gln Ile Ala Gly Arg
420 425 430

Ile Gly Gly Gly Arg Asn Met Asp His His Ile Leu His Val Ala Val
435 440 445

Asp Val Ile Arg Glu Ser Arg Glu Met Arg Leu Gln Pro Phe Asn Glu
450 455 460

Tyr Arg Lys Arg Phe Gly Met Lys Pro Tyr Thr Ser Phe Gln Glu Leu
465 470 475 480

Val Gly Glu Lys Glu Met Ala Ala Glu Leu Glu Glu Leu Tyr Gly Asp
485 490 495

Ile Asp Ala Leu Glu Phe Tyr Pro Gly Leu Leu Leu Glu Lys Cys His
500 505 510

Pro Asn Ser Ile Phe Gly Glu Ser Met Ile Glu Ile Gly Ala Pro Phe
515 520 525

Ser Leu Lys Gly Leu Leu Gly Asn Pro Ile Cys Ser Pro Glu Tyr Trp
530 535 540

Lys Pro Ser Thr Phe Gly Gly Glu Val Gly Phe Asn Ile Val Lys Thr
545 550 555 560

Ala Thr Leu Lys Lys Leu Val Cys Leu Asn Thr Lys Thr Cys Pro Tyr
565 570 575

Val Ser Phe Arg Val Pro Asp Ala Ser Gln Asp Asp Gly Pro Ala Val
580 585 590

Glu Arg Pro Ser Thr Glu Leu
595

<210> SEQ ID NO 9

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 9

aactgggcga gatccagetg g

<210> SEQ ID NO 10
<211> LENGTH: 21
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62

-continued
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 10

aagctccegyg tgaccacgga g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 11

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 11

aaggaagcca tggcccgatt ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 12

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 12

aatcgagaag cgcaagtact g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 13

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 13

aaggagtgga ctttgttetg a

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 14

aacttcggece agtacgactg g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 15
aagttggcce gagatgacca a
<210> SEQ ID NO 16

<211> LENGTH: 21
<212> TYPE: DNA

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21
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64

-continued
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 16

aacacatctyg gtgtctgagg t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 17

aaccatgcga gccccgecac ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 18

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 18

aagcaaacat ggatcaagaa a

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 19

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 19

aagttcctge tgegtttget g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 20

aattcagcte ttgagagcat t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 21
aatggattct ttgcccataa a
<210> SEQ ID NO 22
<211> LENGTH: 21

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21
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-continued

66

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 22

aagtactttyg tcggttacct a

<210> SEQ ID NO 23

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 23

aatctattgyg ccatctggge t

<210> SEQ ID NO 24

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 24

aaccagaact gtgtagatge g

<210> SEQ ID NO 25

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 25

aagtgacttt gaaaactaca t

<210> SEQ ID NO 26

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 26

aatgatgtca tgtcagctece g

<210> SEQ ID NO 27

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 27

gecaggtgett ctegetgcag cc

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

21

21

21

21

21

22
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-continued

68

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 28

gccagtactt gegetteteg

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 29

ccatcgatat tgtttttgec

<210> SEQ ID NO 30

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 30

ggagcttete gggcagetet gtge

<210> SEQ ID NO 31

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 31

ccaggttett atacagcaag ¢

<210> SEQ ID NO 32

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 32

ccagcagett gaaaatgggg tgc

<210> SEQ ID NO 33

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 33

gececegggee ttgatggee

<210> SEQ ID NO 34

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

20

20

24

21

23

19
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oligonucleotide
<400> SEQUENCE: 34

ccacgeectt ggcagtegyg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 35

geggaatcegg gecatggett ce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 36

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 36

gttceggtee tctggaaget ce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 37

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 37

cgcagaccag agcacageg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 38

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 38

gcaaacgcag caggaac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 39

cgttteccaa atatgtagec

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 40

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

19

Synthetic

22

Synthetic

22

Synthetic

19

Synthetic

17

Synthetic

20

Synthetic
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72

-continued

<400> SEQUENCE: 40

gttttcaaag tcacttccg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 41

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 41

ggttaactca agctgtgaag ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 42

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 42

ggagctgaca tgacatc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 43

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400>

SEQUENCE: 43

ggccacggte atgttcaagg

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

19

Synthetic

21

Synthetic

17

Synthetic

20

I claim:

1. A method for treating a bone fracture or a bone defect in
a mammalian subject, comprising: administering to said sub-
jectapharmaceutically effective amount of an antisense com-
pound, wherein said antisense compound reduces the activity
of cyclooxygenase-1 (COX-1).

2. The method of claim 1, wherein the condition is a bone
fracture.

3. The method of claim 1, wherein the condition is a bone
fracture selected from the group consisting of a non-os-
teoporotic fracture, an osteoporotic fracture, a fracture asso-
ciated with a congenital disease, a fracture associated with an
acquired disease, or an osteotomic fracture.

4. The method of claim 3, wherein the bone fracture is a
non-osteoporotic fracture.

5. The method of claim 3, wherein the bone fracture is an
osteoporotic fracture.

6. The method of claim 3, wherein the bone fracture is an
osteotomic fracture.

7. The method of claim 1, wherein the condition is a bone
defect.

8. The method of claim 1, wherein administration is in
vivo.

9. The method of claim 1, wherein administration is ex
vivo.

10. The method of claim 1, further comprising administer-
ing a pharmaceutically effective amount of a second com-
pound that reduces a 5-lipoxygenase activity.
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11. The method of claim 10, wherein the second compound
reduces a 5-lipoxygenase activity by inhibiting a five lipoxy-
genase activating protein (FLAP).

12. The method of claim 11, wherein the second compound
that reduces a 5-lipoxygenase activity comprises a small mol-
ecule.

13. The method of claim 12, wherein the small molecule is
[(R)(+)N'-[[ 5-(4-fluorophenoxy)furan-2-yl1]-1-methyl-2-
propynyl]-N-hydroxyurea.

14. The method of claim 12, wherein the small molecule is
Abbott® ABT 761.

15. The method of claim 12, wherein the small molecule is
selected from the group consisting of 3-[1-(4-chlorobenzyl)-
3-t-butyl-thio-5-isopropylindol-2-yl]-2,2-dimethylpro-
panoic  acid;  3-(1-(4-chlorobenzyl)-3-(1-butyl-thio)-5-
(quinolin-2-yl-methoxy)-indol-2-y1)-2,2-dimethyl
propanoic acid); nordihydroguaiaretic acid; 2-(12-hydroxy-
dodeca-5,10-diynyl)-3,5,6-trimethyl-1,4-benzoquinone; (N-
(1-benzo(b)thien-2-ylethyl)-N-hydroxyurea); masoprocol;
tenidap; flobufen; lonapalene; tagorizine; Abbott®
A-121798; Abbott® A-76745; Abbott® A-78773; [(R)(+)N'-
[[5-(4-fluorophenoxy)furan-2-yl1]-1-methyl-2-propynyl]-N-
hydroxyurea; Abbott® ABT 761; Dainippon® Al.-3264;
Bayer® Bay-x-1005; Biofor® BF-389; bunaprolast;
Cytomed® CMI-392; Takeda® CV-6504; enazadrem phos-
phate; Leo Denmark® ETH-615; flezelastine hydrochloride;
Merck Frosst® L-663536; Merckle® ML-3000; 3M Pharma-
ceuticals® R-840; rilopirox; Schering Plough® SCH-40120;
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tepoxalin; linazolast; Zeneca® Z7ZD-2138; Bristol-Myers
Squibb® BU-4601A; carbazomycin C; lagunamycin;
Wellcome® BW-70C; Ciba-Geigy® CGS-26529; Warner-
Lambert® CI 1004; Warner-Lambert® PD-136005; Warner-
Lambert® PD-145246; Elsai® E-3040; Fujirebio® F-1322;
Fujisawa® FR-110302; Merck Frosst® [.-699333; Merck
Frosst® [.-739010; Lilly® LY-269415; Lilly® LY-178002;
Hoechst Roussel® P-8892; SmithKline Beecham®
SB-202235; American Home Products® WAY-121520;
American Home Products® WAY-125007; Zeneca®
ZD-7717; Zeneca® ZM-216800; Zeneca® ZM-230487; 1,2-
dihydro-n-(2-thiazolyl)-1-oxopyrrolo(3,2,1-kl)phenothiaz-
ine-1-carboxamide; Abbott® A-65260; Abbott® A-69412;
Abbott® A-63162; American Home Products® AHR-5333;
Bayer® Bay-q-1531; Boehringer Ingelheim® BI-L-357;
Boehringer Ingelheim® BI-L-93BS; Boehringer Ingelheim®
BIL 226XX; Bristol-Myers Squibb® BMY-30094; carbazo-
mycin B; Wellcome® BW-B218C; Chauvin® CBS-1114;
Ciba-Geigy® CGS-21595; Ciba-Geigy® CGS-22745; Ciba-
Geigy® CGS-23885; Ciba-Geigy® CGS 24891; Ciba-
Geigy® CGS-8515; Chiesi® CHF-1909; Warner-Lambert®
CI-986; Warner-Lambert® CI-987; cirsiliol; docebenone;
Eisai® E-5110; Eisai® E-6080; enofelast; epocarbazolin-A;
eprovafen; evandamine; Fisons® FPL 62064; Zeneca® ICI-
211965; Zeneca® ICI-216800; Kyowa Hakko® KF-8940;
Merck® 1.-651392; Merck® L.-651896; Merck® [.-652343;
Merck® L-656224; Merck® L-670630; Merck® [.-674636;
Lilly® LY-233569; Merck® MK-591; Merck® [.-655240;
nitrosoxacin-A; Ono® ONO-5349; Ono® ONO-LP-219;
Ono® ONO-LP-269; Warner-Lambert® PD-127443; Purdue
Frederick® PF-5901; Rhone-Poulenc Rorer® Rev-5367;
Rhone-Poulenc Rorer® RG-5901-A; Rhone-Poulenc
Rorer® RG-6866; Roussel-Uclaf® RU-46057; Searle®
SC-41661A; Searle® SC-45662; Sandoz® SDZ-210-610;
SmithKline Beecham® SK&F-104351; SmithKline Bee-
cham® SK&F-104493; SmithKline Beecham® SK&F-
105809; Synthelabo® SL.-81-0433; Teijin® TEI-8005;
Terumo® TMK-777; Terumo® TMK-781; Terumo® TMK-
789; Terumo® TMK-919; Terumo® TMK-992; Teikoku
Hormone® TZI1-41127; American Home Products® WAY-
120739; American Home Products® WY-47288; American
Home Products® WY-48252; American Home Products®
WY-50295; Yoshitomi® Y-19432; 4-{3-[4-(2-methyl-1H-
imidazol-1-yl)phenylthio]}phenyl-3,4,5,6-tetrahydro-2H-
pyran-4-carboxamide; esculetin; phenidone; Boehringer
Ingelheim® BI-1.-239; 5,8,11-eicosatriynoic acid; 5,8,11,14-
eicosatetraynoic acid; cinnamyl-3,4-dihydroxy-alpha-cy-
anocinnamate; curcumin; gossypol; caffeic acid; baicalein;
7,7-dimethyleicosadrenoic acid; Lilly® LY-311727; bro-
moenol lactone; methyl arachidonyl fluorophosphonate;
methyl y-linolenyl fluorophosphonate; oleyoxyethyl phos-
phorylcholine; arachidonyl trifluoromethyl ketone; n-(p-
amylcinnamoyl) anthranilic acid; mepacrine; quinacrine; ata-
brine; parabromophenacylbromide; aristolochic acid;
cortisone; Glaxo SmithKline® SB-480848; Glaxo Smith-
Kline® SB-659032; Glaxo SmithKline® SB-677116; Bris-
tol-Myers Squibb® BMS-181162; Sterling-Winthrop®
MJ33; and Millennium Pharmaceuticals® MLN977.

16. The method of claim 12, wherein the small molecule is
selected from the group consisting of masoprocol; tenidap;
(N-(1-benzo(b)thien-2-ylethyl)-N-hydroxyurea); flobufen;
lonapalene; tagorizine; 2-(12-hydroxydodeca-5,10-diynyl)-
3,5,6-trimethyl-1,4-benzoquinone; Abbott® A-121798;
Abbott® A-76745; Abbott® A-78773; [(R)(+)N'-[[ 5-(4-fluo-
rophenoxy)furan-2-yl]-1-methyl-2-propynyl]-N-hydrox-
yurea; Abbott® ABT 761; Dainippon® AL-3264; Bayer®
Bay-x-1005; Biofor® BF-389; bunaprolast; Cytomed®

20

25

30

35

40

45

50

55

60

65

74

CMI-392; Takeda® CV-6504; Ciba-Geigy® CGS-26529;
enazadrem phosphate; L.eo Denmark® ETH-615; flezelastine
hydrochloride; Merck Frosst® [-663536; Merck Frosst®
L-699333; Merckle® ML-3000, 3M Pharmaceuticals®
R-840; rilopirox; Schering Plough® SCH-40120; tepoxalin;
linazolast; Zeneca® ZD-7717; Zeneca® ZM-216800; Zen-
eca® ZM-230487; Zeneca® ZD-2138; and nordihydroguai-
aretic acid.

17. The method of claim 12, wherein the small molecule is
selected from the group consisting of tenidap; (N-(1-benzo
(b)thien-2-ylethyl)-N-hydroxyurea); flobufen; lonapalene;
tagorizine; 2-(12-hydroxydodeca-5,10-diynyl)-3,5,6-trim-
ethyl-1,4-benzoquinone; Abbott® A-121798; Abbott®
A-76745; Abbott® A-78773; [(R)(+)N'-[[5-(4-fluorophe-
noxy)furan-2-yl]-1-methyl-2-propynyl]-N-hydroxyurea;
Abbott® ABT 761; Ciba-Geigy® CGS-26529; Biofor®
BF-389; Cytomed® CMI-392; Leo Denmark® ETH-615;
Merck Frosst® L 699333 ; Merckle® ML-3000; 3M Pharma-
ceuticals® R-840; linazolast; Zeneca® ZD-7717; Zeneca®
ZM-216800; Zeneca® ZM-230487; Zeneca® ZD-2138, and
nordihydroguaiaretic acid.

18. The method of claim 11, wherein the second compound
that reduces a 5-lipoxygenase activity comprises a nucleic
acid comprising a sequence selected from the group consist-
ing of 5'-AAC TGG GCG AGA TCC AGC TGG-3' (SEQ ID
NO:9),5-AAG CTC CCGGTGACCACG GAG-3'(SEQID
NO: 10), 5'-AAG GAA GCC ATG GCC CGA TTC-3' (SEQ
ID NO: 11), 5'-AAT CGA GAA GCG CAA GTA CTG-3'
(SEQIDNO: 12), 5-AAG GAG TGGACT TTG TTC TGA-
3' (SEQ ID NO: 13), 5-AAC TTC GGC CAG TAC GAC
TGG-3' (SEQ ID NO: 14), 5-AAG TTG GCC CGA GAT
GAC CAA-3' (SEQ ID NO: 15), 5'-AAC ACA TCT GGT
GTC TGA GGT-3' (SEQ ID NO: 16), 5'-AAC CAT GCG
AGC CCC GCC ACC-3' (SEQ ID NO: 17), 5'-AAG CAA
ACA TGG ATC AAG AAA-3' (SEQ ID NO: 18), 5'-AAG
TTCCTGCTGCGTTTG CTG-3'(SEQIDNO: 19), 5'-AAT
TCA GCT CTT GAG AGCATT-3' (SEQ ID NO: 20), 5'-AAT
GGA TTC TTT GCC CAT AAA-3' (SEQ ID NO: 21),
5-AAGTACTTT GTC GGT TAC CTA-3' (SEQ ID NO: 22),
5-AAT CTATTG GCCATC TGG GCT-3' (SEQ ID NO: 23),
5'-AAC CAGAACTGT GTA GAT GCG-3' (SEQIDNO: 24)
5'-AAG TGA CTT TGA AAA CTA CAT-3' (SEQ ID NO:
25),and 5'-AAT GAT GTC ATG TCA GCT CCG-3'(SEQID
NO: 26).

19. The method of claim 10, wherein the second compound
that reduces a 5-lipoxygenase activity comprises a nucleic
acid comprising a sequence selected from the group consist-
ing of 5'-GCA GGT GCTTCT CGCTGCAGC C-3' (SEQID
NO: 27), 5'-GCC AGT ACT TGC GCT TCT CG-3' (SEQ ID
NO: 28), 5'-CCA TCG ATA TTG TTT TTG CC-3' (SEQ ID
NO: 29), 5'-GGA GCT TCT CGG GCA GCT CTG TGC-3'
(SEQIDNO:30),5'-CCA GGTTCT TAT ACA GCA AGC-3'
(SEQ ID NO: 31), 5'-CCA GCA GCT TGAAAATGG GGT
GC-3' (SEQID NO: 32), 5'-GCC CCG GGC CTT GAT GGC
C-3' (SEQ ID NO: 33), 5'-CCA CGC CCT TGG CAG TCG
G-3' (SEQ ID NO: 34), 5'-GCG GAA TCG GGC CAT GGC
TTC C-3' (SEQ ID NO: 35), 5-GTT CCG GTC CTC TGG
AAG CTC C-3' (SEQ ID NO: 36), 5'-CGC AGA CCA GAG
CAC AGC G-3' (SEQ ID NO: 37), 5'-GCA AAC GCA GCA
GGA AC-3' (SEQ ID NO: 38), 5'-CGT TTC CCA AAT ATG
TAG CC-3' (SEQ ID NO: 39), 5'-GTT TTC AAA GTC ACT
TCC G-3' (SEQ ID NO: 40), 5'-GGT TAA CTC AAG CTG
TGA AGC-3' (SEQ ID NO: 41), 5'-GGA GCT GAC ATG
ACA TC-3' (SEQ ID NO: 42), and 5'-GGC CAC GGT CAT
GTT CAA GG-3' (SEQ ID NO: 43).
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20. The method of claim 1, further comprising administer-
ing to the subject a pharmaceutically effective amount of a
small molecule compound that reduces a COX-1 activity.

21. The method of claim 20, wherein the small molecule
compound that reduces the COX-1 activity is selected from
the group consisting of Searle® SC-560, 1-[(4,5-bis(4-meth-
oxyphenyl)-2-thiazoyl)carbonyl|-4-methylpiperazine hydro-
chloride, valeryl salicylate, aspirin, dexketoprofen, keterolac,
flurbiprofen, and suprofen.

22. The method of claim 1, further comprising administer-
ing to the subject a pharmaceutically effective amount of a
third compound that increases a COX-2 activity.

23. The method of claim 22, wherein the third compound is
selected from the group consisting of prostaglandin E; butap-
rost; sulprostone; Pfizer® CP-536,745-01; Pfizer® CP-043,
305-02; Pfizer® CP-044,519-02; Pfizer® CP432; Ono Phar-
maceutical® ONO-4819; Pfizer® CP-533,536;
prostaglandin F,_; bimatoprost; cloprostenol; latanoprost;
tafluprost; bone morphogenetic protein-2; platelet derived
growth factor; interleukin-1a; interleukin-1f; tumor necrosis
factor-alpha; fibroblast growth factor, transforming growth
factor-f3; epidermal growth factor; parathyroid hormone; par-
athyroid hormone related peptide; and teriparatide.

24. The method of claim 1, further comprising administer-
ing to the subject an ultrasound therapy or exposing the sub-
ject to a pulsed electromagnetic field in an amount sufficient
to increase a COX-2 activity in the subject.

#* #* #* #* #*
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